



























Die vorgelegte kumulative Dissertation enthält die Zusammenfassung von zwei 
Originalpublikationen die von mir als Erstautorin angefertigt wurden, sowie zwei zusätzliche 
Veröffentlichungen, an welchen ich als Ko-Autorin beteiligt war. Sie entspricht damit in 
Struktur und Umfang den Vorgaben der Promotionsordnung der Medizinischen Fakultät, 
Universität Leipzig. Eine ausführliche und umfassende Einleitung, Methodenteil, sowie 
Diskussion der Ergebnisse befinden sich in den ursprünglichen Artikeln, die in ihrer 
vollständigen Form ab Seite 17 in Abschnitt „2. Originalpublikationen“ eingearbeitet wurden. 
Zur Vereinfachung und besseren Lesbarkeit wird die Bezeichnung „Kinder“ 
zusammenfassend für Kinder und Jugendliche verwendet. Ebenfalls zur Vereinfachung wird 
auf die separate Ausführung der weiblichen und männlichen Form verzichtet - sofern nicht 
explizit beschrieben, sind mit der verwendeten Bezeichnung (Kind, Proband etc.) immer 





	Depressive	Störungen	gehören	zu	den	häufigsten	psychiatrischen	Störungen	weltweit	 (Steel	et	al.,	2014).	Ihr	Beginn	liegt	häufig	im	Jugendalter	(Birmaher	et	al.,	1996).	Die	Prävalenzzahlen	bei	Kindern	 (unter	 13	 Jahren)	 werden	 auf	 2,8%	 und	 bei	 Jugendlichen	 (13	 –	 18	 Jahre)	 auf	 5,6%	geschätzt	(Birmaher	&	Brent,	2007;	Costello,	Erkanli,	&	Angold,	2006).	Nach	dem	Einsetzen	der	Pubertät	 steigt	 das	 Risiko	 um	 das	 Zwei-	 bis	 Vierfache,	 insbesondere	 bei	 Mädchen	 (Angold,	Costello,	&	Worthman,	1998).		Nach	den	Kriterien	des	DSM-IV	(American	Psychiatric	Association,	2000;	Saß	et	al.,	2003)	ist	für	die	Diagnose	einer	Majoren	Depression	erforderlich,	dass	ein	Kind	eine	über	einen	Zeitraum	von	mindestens	 zwei	Wochen	 andauernde	 Stimmungsveränderung	 zeigt,	 welche	 sich	 in	 entweder	niedergeschlagener	oder	gereizter	Stimmung	und/oder	der	Verlust	 von	 Interesse	oder	Freude	äußert.	 Zudem	 müssen	 mindestens	 vier	 weitere	 Symptome	 wie	 erhöhte	 Ermüdbarkeit,	Verminderung	 des	 Antriebs,	 psychomotorische	 Hemmung	 oder	 Agitiertheit,	Konzentrationsschwierigkeiten,	 reduziertes	 Selbstwertgefühl,	 Schuldgefühle,	 Schlafstörungen,	Libidoverlust,	 Suizidalität	 oder	 Appetitmangel	 mit	 Gewichtsverlust	 oder	 Ausbleiben	 der	 zu	erwartenden	Gewichtszunahme	vorhanden	sein.	Diese	müssen	eine	deutliche	Änderung	der	vor	Störungsbeginn	 bestehenden	 Leistungsfähigkeit	 verursachen	 und	 zu	 einem	 klinisch	bedeutsamem	Leiden	und	Beeinträchtigung	 führen.	Darüber	hinaus	dürfen	die	Veränderungen	nicht	 eindeutig	 auf	 eine	 körperliche	 Erkrankung,	 Medikamente	 oder	 Drogen	 zurückzuführen	sein	 oder	 stimmungsinkongruente	 Wahnideen	 oder	 Sinnestäuschungen	 darstellen.	 Die	Symptome	dürfen	nicht	die	Kriterien	einer	gemischten	Episode	oder	einer	Trauerreaktion1	(z.	B.	Verlust	 einer	 geliebten	 Person)	 erfüllen.	 Eine	 dysthyme	 Störung	 unterscheidet	 sich	 von	 einer	Majoren	 Depression	 darin,	 dass	 die	 Symptome	 schwächer	 ausgeprägt	 sind,	 aber	 über	 einen	längeren	Zeitraum	(mindestens	2	Jahre)	anhalten.	





Verhalten	ausdrücken.	Zudem	neigen	Kinder	dazu,	depressive	Stimmung	hinter	vordergründiger	Fröhlichkeit,	 Clownerie	 oder	 auch	 agitiertem	 Verhalten	 zu	 verbergen	 (Eggers,	 2012).	 Die	Störung	 kann	 sich	 auch	 in	 externalisierenden	 Symptomen	 wie	 Hyperaktivität,	Stimmungsschwankungen	und	gereiztem	bis	aggressivem	Verhalten	somatischen	Beschwerden	und	 sozialem	 Rückzug	 äußern	 (Birmaher	 &	 Brent,	 2007).	 Dies	 erschwert	 die	 korrekte	Identifikation	der	Störung	vor	allem	über	die	Beurteilung	durch	Bezugspersonen.		
Ein	 früher	 Störungsbeginn	 ist	 mit	 erhöhtem	 Rückfallrisiko	 und	 Schweregrad	 der	 Rezidive	verknüpft.	Dieses	 liegt	bei	60%	 für	Majore	Depression	und	bei	 75%	 für	depressive	 Störungen	allgemein	 (Fergusson,	 Boden,	 &	 Horwood,	 2007;	 Fombonne,	 Wostear,	 Cooper,	 Harrington,	 &	Rutter,	 2001).	 Hinzu	 kommen	 spätere	 psychosoziale	 Beeinträchtigungen	 und	 ein	 erhöhtes	Risiko	 für	 Substanzmittelkonsum	 und	 Suizid	 (Birmaher	 &	 Brent,	 2007).	 Eine	 frühzeitige	Erkennung	 und	 zielgerichtete	 Behandlung	 depressiver	 Störungen	 kann	 dazu	 beitragen,	 die	negativen	Auswirkungen	auf	das	spätere	Leben	zu	reduzieren.	Bisher	ist	jedoch	nur	sehr	wenig	über	 zugrundeliegende	 Prozesse	 bekannt,	 die	 das	 Risiko	 einer	 depressiven	 Störung	 bedingen.	Man	geht	davon	aus,	dass	es	neben	verschiedenen	unspezifischen	Risikofaktoren	für	Depression	(niedriger	 sozioökonomischer	 Status,	 maternale	 Depression,	 weibliches	 Geschlecht,	psychosoziale	 Stressoren	 und	 adverse	 Lebensereignisse)	 auch	 spezifische	 Risikofaktoren	 wie	Veränderungen	 in	 der	 Informationsverarbeitung	 oder	 auch	 dem	 Selbstwert	 einer	 Person	 gibt.	Der	 Fokus	 der	 vorliegenden	 Arbeit	 (Publikation	 1	 &	 2)	 liegt	 auf	 der	 Untersuchung	dysfunktionaler	 Veränderungen	 in	 der	 Verarbeitung	 emotionaler	 Gesichter.	 In	 den	 folgenden	Abschnitten	 werden	 diese	 genauer	 beschrieben	 und	 der	 aktuelle	 Stand	 der	 Forschung	dargestellt.	 In	 einer	 zusätzlichen	 Veröffentlichung	 (Publikation	 3)	wurde	 das	 Selbstwertgefühl	von	 Kindern	mit	 verschiedenen	 psychischen	 Störungen	 (u.a.	 Depression)	 als	 weiterer	 Risiko-	bzw.	Störungsmarker	untersucht.		
1.2 Veränderungen	in	der	Informationsverarbeitung	bei	depressiven	
Störungen		Kognitive	 Modelle	 depressiver	 Störungen	 gehen	 von	 dysfunktionalen	 Veränderungen	 in	 der	Verarbeitung	emotionaler	Reize	aus	 (z.	B.	Beck,	Rush,	&	Shaw,	1979;	Bower,	1981;	Foti,	Olvet,	Klein,	&	Hajcak,	2010;	Kendall	&	Chansky,	1991;	Williams,	Watts,	MacLeod,	&	Mathews,	1997).	Nach	diesen	Modellen	beeinflussen	 stimmungskongruente	 Informationen	die	Aufmerksamkeit,	Interpretation	 und	 Speicherung	 von	 Umweltreizen	 (Williams	 et	 al.,	 1997),	 was	Beeinträchtigungen	 in	 der	 Fähigkeit	 zur	 Emotionsregulation	 und	 der	 sozialen	
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Interaktionsgestaltung	 nach	 sich	 zieht.	 Es	 wird	 angenommen,	 dass	 eine	 solche	 verzerrte	Informationsverarbeitung	 im	 Zusammenhang	 mit	 Defiziten	 in	 kognitiven	 Kontrollfähigkeiten	steht	 (Hadwin,	 Garner,	 &	 Perez-Olivas,	 2006;	 Kindt	 &	 van	 Den	 Hout,	 2001;	 Lonigan,	 Vasey,	Phillips,	 &	 Hazen,	 2004).	 Hingegen	 scheinen	 gute	 kognitive	 Kontrollfähigkeiten	 einen	protektiven	 Faktor	 gegenüber	 affektiven	 Störungen	 wie	 Depression	 darzustellen	 (Mathews	 &	MacLeod,	 2005;	 Posner	 &	 Rothbart,	 2000).	 Folglich	 spielt	 die	 Entwicklung	 kognitiver	Kontrollfähigkeiten	 im	Kindes-	 und	 Jugendalter	 eine	 Schlüsselrolle	 für	 den	 adaptiven	Umgang	mit	Emotionen	und	somit	auch	für	die	Entstehung	emotionaler	Störungen	wie	der	Depression.	
Die	 in	 der	 vorliegenden	 Studie	 eingesetzte	 emotionale	 Go/NoGo-Aufgabe	 ist	 ein	 geeignetes	Instrument	 zur	Untersuchung	 emotionaler	Einflüsse	 auf	 kognitive	Prozesse	 (Hare,	 Tottenham,	Davidson,	 Glover,	 &	 Casey,	 2005).	 In	 diesem	 Untersuchungsparadigma	 werden	 Probanden	aufgefordert,	auf	bestimmte	emotionale	Gesichter	per	Mausklick	zu	reagieren	und	ihre	Reaktion	bei	allen	anderen	Gesichtern	zurückzuhalten.	Damit	erfordert	die	erfolgreiche	Bearbeitung	der	Aufgabe	den	Einsatz	 von	Aufmerksamkeits-	 und	Hemmungskontrolle,	 den	Kernelementen	von	Selbst-	bzw.	Emotionsregulation	(Cole,	Martin,	&	Dennis,	2004;	Posner	&	Rothbart,	2000).	Im	 Folgenden	 werden	 die	 im	 Rahmen	 dieser	 Arbeit	 untersuchten	 Veränderungen	 in	 der	Informationsverarbeitung	und	deren	Zusammenhang	mit	depressiven	Störungen	beschrieben.		
1.2.1 Aufmerksamkeits-Bias	für	stimmungskongruente	Informationen		Verschiedene	 Studien	 konnten	 bei	 Menschen	 mit	 Depression	 eine	 verzerrte	Aufmerksamkeitsorientierung	 (‚bias’)	 weg	 von	 positiven	 und	 hin	 zu	 negativen	 Informationen	finden	 (Leppänen,	 2006;	 Peckham,	 McHugh,	 &	 Otto,	 2010;	 Winer	 &	 Salem,	 2016).	 Allerdings	zeigten	 Untersuchungen	 unter	 Verwendung	 verschiedener	 Paradigmen	 wie	 dem	 emotionalen	Stroop-Test,	 der	 Probe-Detection-Aufgabe	 und	 der	 Deployment-of-Attention-Aufgabe	 auch	inkonsistente	 Befunde	 zu	 selektiver	 Aufmerksamkeit	 bei	 (erwachsenen)	 Probanden	mit	 einer	Depression	 (siehe	Williams	et	 al.,	 1997	 für	einen	ausführlichen	Überblick).	Kennzeichnend	 für	Personen	mit	einer	depressiven	Störung	scheint	eher	das	Fehlen	eines	protektiven	bias	(hin	zu	positiver	und	weg	von	negativer	Information)	gesunder	Probanden	zu	sein,	was	im	Sinne	eines	Vulnerabilitätsfaktors	verstanden	werden	kann	(Suslow	&	Dannlowski,	2005).	Für	einen	solchen	Vulnerabilitätsmarker	 sprechen	 auch	 Befunde,	 die	 Tendenzen	 einer	 negativen	Aufmerksamkeitsverschiebung	 bei	 Mädchen	 mit	 elterlichem	 Risiko	 für	 Depression	 fanden	(Joormann,	 Talbot,	 &	 Gotlib,	 2007;	 Kujawa	 et	 al.,	 2011).	 Verschiedene	 Studien	 fanden	 eine	Präferenz	 für	 traurige	 Gesichter	 bei	 in	 der	 Kindheit	 traumatisierten	 Probanden,	 unabhängig	
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davon,	ob	diese	depressiv	(Günther,	Dannlowski,	Kersting,	&	Suslow,	2015)	oder	gesund	waren	(Dannlowski	 et	 al.,	 2013;	 Gibb,	 Schofield,	 &	 Coles,	 2009;	 Romens	 &	 Pollak,	 2012).	 Klinische	Studien,	welche	die	emotionale	Go/NoGo-Aufgabe	einsetzten,	konnten	schnellere	Reaktionen	auf	traurige	 Gesichter	 bei	 Kindern	 (8	 bis	 16	 Jahre,	 Ladouceur	 et	 al.,	 2006)	 und	 Erwachsenen	(Murphy,	1999)	mit	einer	Depression	im	Vergleich	zu	gesunden	Kontrollen	zeigen.		Die	 weitere	 Untersuchung	 selektiver	 Aufmerksamkeitsprozesse	 erscheint	 somit	 wichtig,	 um	deren	 Rolle	 in	 der	 Entstehung	 und	 Aufrechterhaltung	 depressiver	 Störungen	 besser	 zu	verstehen.			
1.2.2 Verminderte	Reaktivität	(‚blunted	reaction’)	für	emotionale	Informationen		
	Weitere	 Untersuchungen	 legen	 nahe,	 dass	 eine	 Depression	 durch	 emotionale	 Abkehr	 und	reduzierte	 Reaktivität	 auf	 emotionale	 Umgebungsreize	 gekennzeichnet	 ist	 (Cuthbert,	 Schupp,	Bradley,	Birbaumer,	&	Lang,	 2000;	 Foti,	Hajcak,	&	Dien,	 2009;	Proudfit,	Bress,	 Foti,	Kujawa,	&	Klein,	 2015;	 Schupp	 et	 al.,	 2004).	 Diese	 unterstützen	 die	 Emotional	 Context	 Insensitivity	
Hypothesis	 (ECI,	 Rottenberg,	 Gross,	 &	 Gotlib,	 2005),	 die	 von	 einer	 verminderten,	 sogenannten	‚blunted	 reaction’	 depressiver	 Menschen	 ausgeht.	 Dieser	 Hypothese	 folgend	 nimmt	 Proudfit	(2015)	 Abstand	 von	 der	 Terminologie	 kognitiver	 Dysfunktionen	 (Beck,	 Rush,	 Shaw,	&	 Emery,	1979)	 und	 charakterisiert	 Menschen	mit	 Depression	 (und	 solche	mit	 erhöhtem	 Risiko	 dafür)	durch	Defizite	in	der	emotionalen	Auseinandersetzung	mit	ihrer	Umwelt.			
1.3 Verarbeitung	emotionaler	Gesichter	und	neuronale	Korrelate	im	EEG			Die	Verwendung	emotionaler	Gesichtsausdrücke	als	Stimuli	in	psychologischen	Untersuchungen	ermöglicht	die	Darstellung	einer	spezifischen	Emotion	wie	Freude,	Trauer	oder	Angst.	Gesichter	als	valide	emotionale	Stimuli	erscheinen	besonders	angemessen	zur	Untersuchung	von	Kindern,	insbesondere	im	psychiatrischen	Kontext.	Die	Entwicklung	der	Fähigkeiten	zur	Erkennung	und	Verarbeitung	 emotionaler	 Gesichtsausdrücke	 stellt	 einen	 Meilenstein	 für	 die	 adaptive	 soziale	Entwicklung	dar	 (Herba	&	Phillips,	2004).	Die	Fähigkeiten	zur	Erkennung	der	Basisemotionen	Freude,	Trauer,	Angst	und	Ärger	sind	ab	einem	Alter	von	sechs	Jahren	voll	ausgeprägt	und	reifen	bis	zum	Jugendalter	in	Bezug	auf	Genauigkeit	und	Geschwindigkeit	weiter	aus	(de	Sonneville	et	al.,	 2002).	 Menschliche	 emotionale	 Gesichter	 enthalten	 Informationen	 über	 das	 Befinden	und/oder	die	Absichten	eines	Interaktionspartners	(Fridlund,	1994)	und	lösen	damit	wiederum	eine	 soziale	 Verhaltensreaktion	 aus	 (Keltner	 &	 Kring,	 1998).	 So	 wirkt	 z.B.	 ein	 Lächeln	
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verstärkend,	 ein	 negativer	 Ausdruck	 hemmend.	 Defizite	 in	 der	 Sensitivität	 für	 emotionale	Gesichtsausdrücke	stören	den	Interaktionsverlauf,	sie	könnten	somit	ein	möglicher	Mediator	für	Ablehnung	durch	andere	sein.	Eine	Person,	die	ein	Lächeln	als	weniger	positiv	oder	angenehm	erlebt,	 kann	 sich	möglicherweise	 nicht	 so	 gut	 auf	 ihr	 Gegenüber	 einstimmen	 und	 ist	weniger	emotional	 am	 Gespräch	 beteiligt.	 Daraus	 kann	 eine	 weitere	 Abnahme	 sozialer	 Interaktionen	resultieren.	 Eine	 negativere	 Interpretation	 eines	 Gesichtsausdrucks	 könnte	 zu	 vermehrten	belastenden	Interaktionen	wie	Missverständnissen	oder	Spannungen	führen	oder	deren	Klärung	erschweren.	Symptome	depressiver	Störungen	wie	der	soziale	Rückzug	und	Beeinträchtigungen	der	 sozialen	 Funktionsfähigkeit	 (soziale	 Kompetenzen	 und	 interpersonelles	 Problemlösen)	könnten	im	Zusammenhang	mit	diesen	Beeinträchtigungen	stehen.	Aufgrund	geringer	bzw.	gar	keiner	 oder	 inadäquater	 emotionaler	 Reaktionen	 distanzieren	 sich	 andere,	 was	 zu	 einer	Verstärkung	 der	 depressiven	 Stimmung	 und	 dem	 Verlust	 sozialer	 Unterstützung	 führt,	 sowie	den	Aufbau	neuer	Kontakte	erschwert.	Elektroenzephalographie	 (EEG)	 ist	 die	 Aufzeichnung	 hirnelektrischer	 Aktivität	 an	 der	Kopfoberfläche.	Das	EEG	stellt	 eine	einfach	anwendbare	und	kostengünstige	Methode	dar,	mit	der	 sich	 die	 neuronale	 Verarbeitung	 emotionaler	 Gesichter	 mit	 hoher	 zeitlicher	 Auflösung	abbilden	lässt.	Bestimmte	innere	und	äußere	Ereignisse,	wie	die	Darbietung	eines	emotionalen	Gesichts,	rufen	typische	Potentialverläufe,	sogenannte	ereigniskorrelierte	Potentiale	(EKPs	bzw.	event-related	 potentials,	 ERPs)	 hervor.	 ERPs	 für	 emotionale	 Gesichter	 stellen	 Kennwerte	 der	Verarbeitung	und	damit	möglicherweise	biologische	Marker	depressiver	Störungen	und	deren	Risikofaktoren	 dar.	 Die	 neuronale	 Beschreibung	 der	 Beeinträchtigungen	 bei	 der	 Verarbeitung	emotionaler	 Gesichter	 kann	 zu	 einem	 besseren	 Verständnis	 von	 sozialen	Kommunikationsdefiziten	 beitragen,	 die	 depressive	 Störungen	 charakterisieren.	 Im	 Folgenden	werden	 die	 beiden	 in	 dieser	 Arbeit	 untersuchten	 ERPs	 und	 der	 bisherige	 Forschungsstand	beschrieben.		
1.3.1 Die	N170	als	Korrelat	der	Gesichtserkennung	
	Das	 N170	 ERP	 ist	 eine	 negative	 Aktivierung	 in	 occipito-temporalen	 Hirnarealen,	 die	 ihr	Maximum	ca.	170ms	nach	Stimulus-Onset	erreicht.	Sie	ist	für	Gesichter	im	Vergleich	zu	Objekten	stärker	 ausgeprägt	 (Bentin,	 Allison,	 Puce,	 Perez,	 &	McCarthy,	 1996;	 Rossion	 et	 al.,	 2000).	 Bei	Kindern	ist	diese	Komponente	ab	einem	Alter	von	etwa	vier	Jahren	erkennbar,	ihre	Latenz	liegt	in	 diesem	 Alter	 bei	 ca.	 270ms.	 Im	 Entwicklungsverlauf	 verkürzt	 sich	 die	 Latenz	 und	 die	Amplitude	 verstärkt	 sich,	 bis	 die	 N170	 im	 Jugendalter	 die	Morphologie	 Erwachsener	 erreicht	(Taylor,	 Batty,	 &	 Itier,	 2004).	 Typischerweise	 zeigt	 die	 N170	 für	 Gesichter	 eine	
	 9	
Rechtslateralisierung,	 d.h.	 eine	 stärkere	Ausprägung	 in	 der	 rechten	Hemisphäre	 (Bentin	 et	 al.,	1996),	während	sich	für	Objekte	eine	bilaterale	Ausprägung	finden	lässt	(Rossion,	Joyce,	Cottrell,	&	Tarr,	2003).		Die	 N170	 stellt	 eine	 Komponente	 der	 frühen	 Gesichtsverarbeitung	 dar,	 der	 Erkennung	 eines	Stimulus	 als	 menschliches	 Gesicht.	 Damit	 wurde	 sie	 zunächst	 vor	 allem	 mit	 struktureller	Enkodierung	 in	 Verbindung	 gebracht,	 die	 nicht	 durch	 emotionale	 Informationen	 beeinflusst	wird	 (Ashley,	Vuilleumier,	&	Swick,	2004;	Campanella,	Quinet,	Bruyer,	Crommelinck,	&	Guerit,	2002;	Eimer	&	Holmes,	2002).	Verschiedene	Studien	konnten	jedoch	einen	Einfluss	emotionaler	Gesichter	 auf	 die	N170	 zeigen:	 so	wurden	 erhöhte	Amplituden	 für	 ängstliche	 (Batty	&	Taylor,	2003;	 Blau,	 Maurer,	 Tottenham,	 &	 McCandliss,	 2007;	 Rossignol,	 Philippot,	 Douilliez,	Crommelinck,	 &	 Campanella,	 2005)	 und	 traurige	 Gesichter	 (Krombholz,	 Schaefer,	 &	 Boucsein,	2007;	 Pollak	 &	 Tolley-Schell,	 2003)	 gefunden.	 Diese	 Befunde	 werden	 jedoch	 kontrovers	diskutiert.	Beispielsweise	argumentieren	Rellecke	et	al.	(2013),	dass	überlappende	Prozesse	der	Early	Posterior	Negativity	(EPN)	für	die	Emotionseffekte	verantwortlich	sein	könnten.		Die	Studienlage	in	Bezug	auf	die	N170	bei	depressiven	Erwachsenen	ist	ebenfalls	 inkonsistent:	Eine	Untersuchung	zeigte	eine	Verminderung	der	N170	im	Zusammenhang	mit	Depression	(Dai	&	Feng,	2012),	andere	hingegen	konnten	keine	Veränderung	finden	(Foti	et	al.,	2010;	Jaworska,	Blier,	 Fusee,	 &	 Knott,	 2012;	 Maurage	 et	 al.,	 2008).	 Eine	 fehlende	 Differenzierung	 der	 N170	zwischen	positiven	und	negativen	Gesichtern	konnte	bei	vernachlässigenden	Müttern	(Rodrigo	et	 al.,	 2011)	 und	 bei	 Kindern	 mit	 Misshandlungserfahrungen	 (Pollak	 &	 Tolley-Schell,	 2003)	gezeigt	 werden.	 Feuerriegel	 et	 al.	 (2015)	 gehen	 auf	 Grundlage	 eines	 systematischen	 Reviews	davon	 aus,	 dass	 Veränderungen	 in	 der	 N170	 in	 Form	 von	 reduzierten	 Amplituden	 und	verkürzten	 Latenzen	 dysfunktionale	 Verarbeitung	 emotionaler	 Gesichter	 abbilden.	 Diese	könnten	 ursächlich	 für	 interpersonelle	 Schwierigkeiten	 sein,	 dabei	 jedoch	 nicht	depressionsspezifisch,	sondern	kennzeichnend	für	psychiatrische	Störungen	im	Allgemeinen.		Bis	 zur	 Durchführung	 unserer	 Untersuchung	 lagen	 keine	 Studien	 mit	 klinischen	 Stichproben	depressiver	Kinder	vor.		
1.3.2 Das	Late	Positive	Potential	(LPP)	als	Korrelat	emotionaler	Reaktivität		Das	 LPP	 ist	 eine	 sogenannte	 ‚slow-wave’	 Komponente,	 welche	 die	 Reaktivität	 für	 emotionale	Informationen	abbildet.	Sie	beginnt	bei	Erwachsenen	rund	200ms	nach	Stimulus-Onset,	besteht	so	lange	der	Stimulus	dargeboten	wird	und	auch	darüber	hinaus	(Cuthbert	et	al.,	2000;	Hajcak	&	Olvet,	 2008)	 –	 sie	 spiegelt	 damit	 eine	 fortwährende	 Verarbeitung	 des	 emotionalen	 Materials	
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wieder	 (Hajcak	&	Dennis,	 2009).	 Bei	Kindern	 findet	man	 eine	 geringere	 zeitliche	Ausdehnung	des	 Potentials	 (Hajcak	 &	 Dennis,	 2009).	 Das	 LPP	 ist	 bei	 Erwachsenen	 in	 centro-parietalen	Hirnregionen	 lokalisiert	 (Cuthbert	 et	 al.,	 2000),	 bei	 Kindern	 befindet	 sich	 die	 positive	Aktivierung	eher	occipital	und	verschiebt	sich	im	Laufe	der	Entwicklung	in	Richtung	parietaler	Regionen	(Kujawa,	Klein,	&	Hajcak,	2012).	Das	LPP	als	emotionsspezifisches	Potential	zeigt	sich	im	Vergleich	 zu	neutralen	 Stimuli	 sowohl	 für	 angenehme	als	 auch	unangenehme	Reize	 erhöht	(Cuthbert	 et	 al.,	 2000;	 Hajcak	 &	 Olvet,	 2008;	 Schupp	 et	 al.,	 2004).	 Hajcak	 et	 al.	 (2010)	postulieren,	dass	das	Ausmaß	der	Erhöhung	für	emotionale	Reize	die	subjektive	Bedeutung	oder	Intensität	dieses	Reizes	widerspiegelt.		Proudfit	 et	 al.	 (2015)	 geht	 davon	 aus,	 dass	 ein	 vermindertes	 LPP	 bei	 Menschen	 mit	 einer	depressiven	 Störung	 Defizite	 in	 der	 aufmerksamkeitsbasierten	 Verarbeitung	 von	 relevanten	emotionalen	 Umgebungsreizen	 abbildet.	 Verschiedene	 Studien	 belegen	 eine	 verminderte	 LPP	Aktivität	für	angenehme	und	unangenehme	Stimuli	bei	Erwachsenen	mit	einer	Depression	(Foti	et	 al.,	 2010;	 Kayser,	 Bruder,	 Tenke,	 Stewart,	 &	 Quitkin,	 2000;	 MacNamara,	 Kotov,	 &	 Hajcak,	2016).	Weinberg	et	al.	(2016)	konnten	zeigen,	dass	diese	Verminderung	(‚blunting’)	besonders	stark	 bei	 Erwachsenen	 ausgeprägt	 ist,	 bei	 denen	 der	 Ausbruch	 der	 Störung	 bereits	 im	Jugendalter	liegt.	Verschiedene	Studien	untersuchten	das	LPP	als	potentiellen	Risikomarker	bei	Kindern.	 Kinder,	 deren	 Mütter	 an	 einer	 Depression	 erkrankt	 waren,	 differenzierten	 nicht	zwischen	 emotionalen	 und	 neutralen	 Gesichtern	 im	 frühem	 occipitalen	 LPP	 (Kujawa,	 Hajcak,	Torpey,	 Kim,	 &	 Klein,	 2012).	 Jugendliche	 Mädchen	 mit	 elterlichem	 Risiko	 für	 Depressionen	zeigten	verminderte	LPPs	bei	angenehmen,	unangenehmen	und	auch	neutralen	Bildern,	was	auf	eine	generelle	Abwendung	hindeutet	 (Nelson,	Perlman,	Hajcak,	Klein,	&	Kotov,	2015).	 In	einer	Gruppe	von	Kindern	mit	einer	Angststörung	fanden	Kujawa	et	al.	(2015)	einen	Zusammenhang	zwischen	 reduzierter	 LPP	 Aktivität	 und	 depressiven	 Symptomen.	 Im	 Kontrast	 dazu	 stehen	Befunde	 von	 erhöhter	 LPP	 Aktivität	 bei	 jugendlichen	 Mädchen	 für	 emotionale	 Gesichter	(Burkhouse	 et	 al.,	 2017)	 und	 auf	 die	 eigene	 Person	 bezogene	 emotionale	 Begriffe	 (Auerbach,	Stanton,	Proudfit,	&	Pizzagalli,	2015).	Auch	ein	Zusammenhang	zwischen	elterlicher	Depression	und	 verstärkter	 LPP	 Aktivität	 für	 negative	 Wörter	 konnte	 gezeigt	 werden	 (Speed,	 Nelson,	Auerbach,	Klein,	&	Hajcak,	2016).	Weiterhin	fanden	Jaworska	et	al.	(2012)	bei	Erwachsenen	mit	einer	 Depression	 erhöhte	 LPPs	 speziell	 für	 traurige	 Gesichter,	 die	 sie	 im	 Sinne	 eines	Aufmerksamkeitsbias	für	stimmungskongruentes	Material	interpretierten.	Aufgrund	 der	 heterogenen	 Studienlage	 besonders	 bei	 Kindern	 sind	 weitere	 Untersuchungen	notwendig,	 um	 die	 Bedeutung	 des	 LPP	 in	 der	 Entstehung	 und	 Aufrechterhaltung	 depressiver	Störungen	besser	verstehen	zu	können.		
	 11	
1.3.3 Bedeutung	neuronaler	Korrelate	der	Gesichterverarbeitung		
	Neben	 der	 gestörten	 Interaktion	 emotionaler	 und	 kognitiver	 Prozesse,	 stellt	 auch	 die	Dysregulation	 der	 ihnen	 zugrunde	 liegenden	 neurobiologischen	 Funktionen	 ein	 Kennzeichen	zahlreicher	 psychischer	 Störungen	 dar	 (Stein,	 2003).	 Aus	 den	 in	 den	 beiden	 vorherigen	Abschnitten	dargestellten	Befunden	zur	N170	und	dem	LPP	kann	abgeleitet	werden,	dass	diese	ERPs	 gesichts-	 und	 emotionsspezifische	 Biomarker	 für	 depressive	 Störungen	 darstellen	könnten.	 Untersuchungen	 mit	 Risikostichproben	 (Kujawa,	 Hajcak,	 et	 al.,	 2012;	 Nelson	 et	 al.,	2015;	Pollak	&	Tolley-Schell,	2003)	sprechen	dafür,	dass	es	sich	bei	diesen	beiden	Korrelaten	um	Vulnerabilitätsmarker	 handelt,	 welche	 bereits	 vor	 Störungsbeginn	 vorliegen.	 Solche	neurobiologischen	 Korrelate,	 die	 genetisch	 bedingt	 und	 zeitlich	 stabil	 sind,	 werden	 als	Endophänotypen	 bezeichnet.	 Ihre	 Identifikation	 bildet	 eine	 wichtige	 Grundlage	 für	weitergehende	 Erforschung	 genetischer	 Grundlagen	 depressiver	 Störungen.	 Darüber	 hinaus	tragen	sie	zu	einem	tiefgreifenderen	Verständnis	der	Störung	bei	und	können	einen	wichtigen	Beitrag	 zur	 Entwicklung	 neuer	 Ansätze	 zur	 Früherkennung,	 Prävention	 und	 gezielten	Behandlung	dieser	Störung	beitragen.	Bisher	gibt	es	jedoch	nur	wenige	Untersuchungen	dieser	Parameter	mit	klinischen	Stichproben	depressiver	Kinder	(Ladouceur	et	al.,	2006).		
1.4 Fragestellungen		Den	 Schwerpunkt	 dieser	 Dissertation	 bildet	 die	 Untersuchung	 von	 Abweichungen	 in	 der	Verarbeitung	 emotionaler	 Gesichter	 bei	 Kindern	 mit	 einer	 depressiven	 Störung	 auf	 kognitiv-behavioraler	 und	 auf	 neuronaler	 Ebene.	Durch	 die	Kombination	 verschiedener	 Parameter	 soll	ein	 Beitrag	 zum	 besseren	 Verständnis	 dysfunktionaler	 Veränderungen	 in	 der	Informationsverarbeitung	bei	depressiven	Störungen	geleistet	werden.		Die	Untersuchungen,	die	der	vorliegenden	Arbeit	zugrunde	liegen,	wurden	im	Rahmen	der	LIFE	Child	 Depression	 Studie	 durchgeführt.	 Die	 beiden	 zentralen	 Publikationen	 dieser	 Arbeit	(Publikation	1	und	2)	beziehen	sich	auf	die	Auswertung	der	Daten	von	Kindern	(Alter	11-14,	n	=	52),	 die	während	 einer	 EEG-Ableitung	 eine	 emotionale	Go/NoGo-Aufgabe	 absolvierten.	Dieses	Studiendesign	 ermöglichte	 es,	 die	 kognitive	 Leistung	 der	 Probanden	 (Reaktionszeiten	 und	Fehler)	 sowie	deren	neuronale	Verarbeitung	der	 in	der	Aufgabe	dargebotenen	Gesichtsstimuli	anhand	 relevanter	 ereigniskorrelierter	 Potentiale	 (N170	 und	 LPP)	 zu	 erfassen.	 Auf	 Grundlage	des	 diagnostischen	 Interviews	 K-SADS-PL	 (Kiddie	 Schedule	 for	 Affective	 Disorders	 and	Schizophrenia	 for	 School	 Aged	 Children	 –	 Present	 and	 Lifetime	 version;	 Kaufman,	 Birmaher,	Brent,	 Rao,	 &	 Ryan,	 1996;	 deutsche	 Version	 Delmo,	Welffenbach,	 Gabriel,	 Stadler,	 &	 Poustka,	
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2001)	mit	 den	 Eltern	wurden	 die	 Probanden	 diagnostischen	Gruppen	 zugeordnet:	 Kinder	mit	einer	 depressiven	 Störung	 (n	 =	 26)	 und	 gesunde	 Kontrollen	 ohne	 aktuelle	 oder	 frühere	psychische	Störung	(n	=	26).	Außerdem	beurteilten	die	Probanden	die	Ausprägung	depressiver	Symptome	 anhand	 von	 Fragebögen	 (Strengths	 and	 Difficulties	 Questionnaire,	 SDQ;	 Goodman,	Meltzer,	&	Bailey,	1998;	und	Center	 for	Epidemiological	Studies	Depression	Scale	 for	Children;	Weissman,	Orvaschel,	&	Padian,	1980).	Zusätzlich	 werden	 zwei	 weitere	 Veröffentlichungen	 aufgeführt,	 an	 denen	 ich	 als	 Ko-Autorin	beteiligt	 war:	 Die	 dritte	 Studie	 (Publikation	 3),	 beschäftigt	 sich	mit	 einem	weiteren	Merkmal	depressiver	 (und	 anderer	 psychiatrischer)	 Störungen	 –	 dem	 reduzierten	 Selbstwertgefühl.	Hierbei	 handelt	 es	 sich	 um	 einen	 weiteren	 potentiellen	 Risiko-	 bzw.	 Einflussfaktor	 für	depressive	Störungen	bei	Kindern.	Eine	weitere	Untersuchung	 (Publikation	4)	beschäftigt	 sich	mit	 Veränderungen	 im	 diagnostischen	 Prozess	 einer	 Kinder-	 und	 Jugendpsychiatrie	 durch	 die	Einführung	 der	 Elternversion	 des	 teilstrukturierten	 diagnostischen	 Interviews	 K-SADS-PL	(deutsche	 Version	 von	 Delmo	 et	 al.,	 2001,	 von	 der	 Projektgruppe	 revidiert	 entsprechend	 K-SADS-PL	 2009	 Working	 Draft	 	(Axelson	 et	 al.,	 2009)),	 welches	 für	 die	 Einteilung	 der	untersuchten	diagnostischen	Gruppen	in	den	drei	vorhergehenden	Studien	genutzt	wurde.		
Publikation	1:			Der	 Fokus	 der	 ersten	 Studie	 lag	 auf	 der	 Untersuchung	 von	 selektiver	 Aufmerksamkeit	(emotionaler	 ‚bias’)	 für	emotionale	Gesichter	anhand	kognitiv-behaviouraler	(Reaktionszeit	 für	Go-Targets	 und	 Falsche	 Alarme	 bei	 NoGo-Targets)	 und	 neuronaler	 Parameter	 (N170	 ERP).	Bisher	fehlen	Studien	zur	N170	bei	Kindern	mit	einer	depressiven	Störung	und	Untersuchungen	mit	 Erwachsenen	 lieferten	 inkonsistente	 Ergebnisse	 zu	 Veränderungen	 des	 N170	 ERPs	 bei	Depression.	Im	Rahmen	der	Studie	wurden	folgende	Fragestellungen	untersucht:	
• Gibt	 es	 einen	 Einfluss	 emotionaler	 Gesichter	 in	 Form	 eines	 emotionalen	 ‚bias’	 auf	 die	kognitive	 Leistung	 in	 einer	 emotionalen	 Go/NoGo-Aufgabe	 bei	 Kindern	 mit	 einer	depressiven	Störung	im	Vergleich	zu	gesunden	Kontrollen?		Schnellere	 Reaktionen	 in	 der	 Go-Bedingung	 und	 erhöhten	 Fehlerraten	 in	 der	 NoGo-Bedingung	 auf	 traurige	 Gesichter	 sprechen	 für	 selektive	 Aufmerksamkeit	 bei	stimmungskongruenten	Informationen.	Verzögerte	Reaktionen	auf	ruhige	Gesichter,	die	von	 traurigen	 Gesichtern	 unterbrochen	 werden,	 deuten	 auf	 Interferenzeffekte	 hin.	 Im	Gegensatz	dazu	wird	bei	gesunden	Probanden	ein	positiver	‚bias’	erwartet,	welcher	sich	in	 schnelleren	 Reaktionen	 und	mehr	 ‚Falschen	 Alarmen’	 (in	 der	 NoGo-Bedingung)	 bei	glücklichen	Gesichter	ausdrückt.	
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• Zeigen	Kinder	und	Jugendliche	mit	einer	depressiven	Störung	im	Vergleich	zu	gesunden	Kontrollen	 neuronale	 Veränderungen	 in	 der	 Erkennung	 emotionaler	 Gesichter	repräsentiert	durch	das	N170	ERP?	Hierbei	wurden	mögliche	Veränderungen	 in	der	maximalen	Amplitude,	der	Latenz	und	der	Topographie	der	N170	untersucht.	
	
Publikation	2:	Die	 zweite	 Studie	 beschäftigte	 sich	 mit	 Zusammenhängen	 zwischen	 Depression	 und	Veränderungen	in	der	Reaktivität	auf	emotionale	Gesichter	repräsentiert	durch	das	LPP.	Bisher	liegen	keine	Studien	vor,	die	die	LPP	Reaktivität	in	einer	klinischen	Stichprobe	von	Kindern	mit	einer	depressiven	Störung	unter	Berücksichtigung	verschiedener	Informanten	untersuchten.	Den	Fokus	dieser	Studie	bildete	die	folgende	Fragestellung:	
• Stehen	die	fremd-	und	selbstbeurteilte	Depressivität	von	Kindern	im	Zusammenhang	mit	Veränderungen	in	der	Reaktivität	auf	emotionale	Gesichter	anhand	des	LPP?		Im	 Vergleich	 zu	 gesunden	 Kontrollen	 wird	 bei	 Kindern	 mit	 einer	 Diagnose	 einer	depressiven	 Störung	 (Elternurteil	 im	 K-SADS-PL)	 ein	 geringer	 ausgeprägtes	 LPP	erwartet.	 Zudem	 wird	 ein	 negativer	 Zusammenhang	 zwischen	 der	 depressiven	Symptomatik	(Selbsteinschätzung	auf	der	Skala	‚depressive	Gefühle’	im	CES-DC)	du	dem	LPP	 erwartet.	 Alternativ	 könnte	 eine	 selektive	 Aufmerksamkeit	 für	stimmungskongruente	traurige	Gesichter	zu	einer	Erhöhung	des	LPP	führen.		
	
Publikation	3:	Psychopathologie	 im	 Kindes-	 und	 Jugendalter	 wurde	 vielfach	 mit	 einem	 reduzierten	Selbstwertgefühl	 in	 Verbindung	 gebracht	 (z.B.	 Guillon,	 Crocq,	 &	 Bailey,	 2003;	 Sukumaran,	Vickers,	Yates,	&	Garralda,	2003).	Das	Selbstwertgefühl,	definiert	als	die	Bewertung	des	eigenen	Wertes	 einer	 Person,	 repräsentiert	 eine	 affektive	 bzw.	 bewertende	 Komponente	 des	Selbstkonzepts	(Leary	&	Baumeister,	2000).	Der	multidimensionale	Ansatz	nach	Harter	(1999)	unterscheidet	neben	der	globalen	Beurteilung	des	Selbstwertgefühls	einer	Person	vier	weitere	Bereiche	 des	 Selbstkonzepts:	 die	 Selbstwahrnehmung	 der	 eigenen	 kognitiven	 Kompetenz,	 die	Selbstwahrnehmung	 eigener	 sportlicher	 Kompetenzen,	 die	 für	 die	 eigene	 Person	wahrgenommene	 Peerakzeptanz,	 die	 Selbstwahrnehmung	 des	 eigenen	 Aussehens.	 Während	verschiedene	 Studien	 einen	 Zusammenhang	 von	 niedrigem	 Selbstwertgefühl	 und	 einer	
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depressiven	Störung	belegen	konnten	(siehe	Sowislo	&	Orth,	2013	für	einen	Review),	gibt	es	nur	wenige	 Untersuchungen	 für	 andere	 psychiatrische	 Störungen	 (ebd.	 für	 Angststörung)	 und	komorbide	 Störungen.	 Auch	 Zusammenhänge	 zwischen	 remittierten	 Störungen	 und	Beeinträchtigungen	des	Selbstwertgefühls	sind	bislang	unklar	(Sowislo	&	Orth,	2013).	Weiterhin	wurden	Geschlechtsunterschiede	im	Selbstwertgefühl	(Jacobs,	Lanza,	Osgood,	Eccles,	&	Wigfield,	2002;	Kling,	Hyde,	Showers,	&	Buswell,	1999)	und	 in	der	Prävalenz	psychiatrischer	Störungen	(Kessler,	 McGonagle,	 Swartz,	 Blazer,	 &	 Nelson,	 1993;	 Lahey	 et	 al.,	 2000)	 bisher	 kaum	berücksichtigt.		
Das	 Anliegen	 dieser	 Studie	 (Publikation	 3)	 war	 es,	 das	 globale	 und	 bereichsspezifische	Selbstwertgefühl	 von	 Kindern	 mit	 den	 häufigsten	 aktuellen	 und	 remittierten	 psychiatrischen	Störungen	 (Depressive	 Störung,	 Angststörung,	 ADHS,	 Störung	 des	 Sozialverhaltens,	Anpassungsstörung)	zu	untersuchen	und	dabei	Komorbiditäten,	geschlechtsspezifische	Effekte,	das	Alter	und	den	sozioökonomischen	Status	zu	berücksichtigen.	Hierfür	wurde	eine	Stichprobe	von	N	=	577	Kindern	wurde	über	zwei	Leipziger	kinder-	und	jugendpsychiatrische	Kliniken	und	aus	 der	 Bevölkerung	 rekrutiert.	 Auf	 Grundlage	 der	 Elternversion	 des	 K-SADS-PL	 (Deutsche	Version,	Delmo	et	al.,	2001)	wurden	die	Probanden	diagnostischen	Gruppen	zugeordnet:	Kinder	mit	 mindestens	 einer	 aktuellen	 psychischen	 Störung	 (psych	 present;	 n	 =	 268),	 Kinder	 mit	mindestens	einer	psychischen	Störung	in	der	Vergangenheit	(psych	past;	n	=	118)	und	gesunde	Kontrollen	 (healthy;	 n	 =	 191)	 und	 beurteilten	 ihr	 globales	 Selbstwertgefühl	 und	 die	Selbstwahrnehmung	der	eigenen	kognitiven	Kompetenz,	eigener	sportlicher	Kompetenzen,	der	Peerakzeptanz	und	des	Aussehens	 anhand	der	deutschen	Version	der	Harter’s	 Self-Perception	Skala	für	Kinder	(SPPC;	Harter,		1985).	
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Abstract Emotionally biased information processing
towards sad and away from happy information charac-
terises individuals with major depression. To learn more
about the nature of these dysfunctional modulations,
developmental and neural aspects of emotional face
processing have to be considered. By combining mea-
sures of performance (attention control, inhibition) in an
emotional Go/NoGo task with an event-related potential
(ERP) of early face processing (N170), we obtained a
multifaceted picture of emotional face processing in a
sample of children and adolescents (11–14 years) with
major depression (MDD, n = 26) and healthy controls
(CTRL, n = 26). Subjects had to respond to emotional
faces (fearful, happy or sad) and withhold their response
to calm faces or vice versa. Children of the MDD group
displayed shorter N170 latencies than children of the
CTRL group. Typical right lateralisation of the N170
was observed for all faces in the CTRL but not for
happy and calm faces in the MDD group. However, the
MDD group did not differ in their behavioural reaction
to emotional faces, and effects of interference by emo-
tional information on the reaction to calm faces in this
group were notably mild. Although we could not find a
typical pattern of emotional bias, the results suggest that
alterations in face processing of children with major
depression can be seen at early stages of face perception
indexed by the N170. The findings call for longitudinal
examinations considering effects of development in
children with major depression as well as associations to
later stages of processing.
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Maladaptive changes in processing and regulating emotional
information have been proposed to play a major role in indi-
viduals with major depression (e.g. Beck et al. 1979). Emo-
tionally biased information processing towards sad and away
from positive information (Leppa¨nen 2006) has typically been
shown in memory, and for elaborative or strategic processing
stages (Williams et al. 1997). However, when stimuli were
presented long enough (1000 ms), selective attention for sad
emotional information in major depression has been found
(Gotlib et al. 2004a; Gotlib et al. 2004b; Mogg et al. 1995)
using a dot-probe task. In addition, individuals with a major
depression show early avoidance (Suslow et al. 2004) and less
sensitivity (Surguladze et al. 2004) for positive emotional
information (i.e. happiness). These results are in line with
functional imaging studies showing increased activity to sad
faces and decreased activity to happy faces in neural circuits
associated with emotional face processing in individuals with
major depression (Stuhrmann et al. 2011). Furthermore, such
biased processing favouring sad and avoiding happy infor-
mationwas found in samples of girls at high risk for depression
after negative mood induction (Joormann et al. 2007; Kujawa
et al. 2011), suggesting a vulnerability factor.
Cognitive control processes play an important role in the
psychoemotional development of children and adolescents
(e.g.Mathews andMacLeod2005). These processes comprise
the control of attention and the inhibition of irrelevant infor-
mation (Posner and Rothbarth 2000). Better cognitive control
has been proposed to be a protective factor for emotional
disorders like major depression (Mathews and MacLeod
2005; Posner and Rothbarth 2000) and dysfunctional or
ineffective cognitive control skills have been linked to emo-
tionally biased information processing (Hadwin et al. 2006;
Kindt and van Den Hout 2001; Lonigan et al. 2004). The
emotional Go/NoGo task (Hare et al. 2005) is an established
paradigm to investigate the interaction between emotional
facial information and cognitive control processes. Studies
using the emotional Go/NoGo task with psychiatric samples
of children showed altered processing of emotional faces.
Ladouceur et al. (2006) found that compared to healthy con-
trols, children and adolescents (8–16 years) with major
depression reacted faster to sad faces, which is in line with
findings from adults (Murphy et al. 1999). Furthermore,
modulations of reaction times to neutral faces havebeen found
in anxious children who reacted slower to neutral faces when
angry NoGo targets appeared between them (Ladouceur et al.
2006), although this effect was seen only in anxious girls in
another study (Waters and Valvoi 2009). These results
demonstrate that the emotional Go/NoGo task can detect
modulations of attention through emotion and patterns of
emotional bias, using emotional faces that serve as salient
probes of impaired interpersonal functioning in major
depression (Hare et al. 2005).
To gain further understanding of emotional biases in
major depression, combined investigation of behavioural
and biological measures could provide a more comprehen-
sive picture of phenomenology and underlying mechanisms.
Electroencephalography (EEG) is a valuable method to
investigate functional stages of information processing by
means of event-related potentials (ERPs) with a high tem-
poral resolution in the millisecond range. Studies investi-
gating ERPs in populations with major depression have
predominantly focused on components of elaborative and
strategic processing stages. Thus, modulations indicating
biased processing have been demonstrated for N2 (Deldin
et al. 2000), P3 (Kayser et al. 2000; Cavanagh and Geisler
2006) and slow wave (Deveney and Deldin 2004; Shestyuk
et al. 2005) components. Indications of abnormal neuro-
physiological processing in major depression was found as
well for early perception stages (first 200 ms after stimulus
onset) covered by the P1 (decreased latency; Pierson et al.
1996, Yang et al. 2011) and P2 (enlarged peak amplitudes to
positive stimuli; Kemp et al. 2009; Yang et al. 2011). These
modulations in early stagesmay represent impaired attention
that leads to dysfunctional processing at later stages (Yang
et al. 2011). However, it has to be noted that other investi-
gations have not shown abnormalities in P1 (Foti et al., 2010;
Jaworska et al. 2012; Maurage et al. 2008) and only subtle in
P2 (Jaworska et al. 2012).
More controversial is the role of emotion for the N170
ERP known to be specific to early human face perception
(Bentin et al. 1996; Rossion and Jacques 2008) and thus
representing a component closely related to interpersonal
functioning. This negative peak at occipito-temporal sites,
typically larger over the right relative to the left hemisphere
(Bentin et al. 1996), was related to structural encoding stages
of facial processing that are not affected by emotional
information (Ashley et al. 2004; Campanella et al. 2002,
Eimer and Holmes 2002). Rather, attentional processes were
assumed to affect peak amplitudes of theN170 (Holmes et al.
2003). In contrast, other studies indicated modulations of the
N170 by emotional faces, particularly increased amplitudes
for fearful (Batty and Taylor 2003; Blau et al. 2007; Ros-
signol et al. 2005) and angry (Krombholz et al. 2007, Pollak
and Tolley-Schell 2003) faces. However, Rellecke et al.
(2013) suggested these effects of emotion to be caused by
overlapping processes at the same latency reflected by the
early posterior negativity (EPN).
To the best of our knowledge, no study has investigated the
N170 in children with major depression. Adult literature on
N170 modulations in major depression showed inconsistent
results. Only one study found smaller N170 amplitudes in
major depression (Dai and Feng 2012), whereas three other




studies did not (Foti et al. 2010; Jaworska et al. 2012,Maurage
et al. 2008). A recent review by Feuerriegel et al. (2015)
concludes that modulations of the N170 are not disorder
specific but rather represent general dysfunctions in process-
ing emotional faces underlying social impairments in psy-
chiatric patients. More negative amplitudes to infant faces
were seen in women with subclinical depressive symptoms
(Noll et al. 2012) and increasedN170 amplitudes to crying vs.
laughing infant faces in mothers but not neglecting mothers
(Rodrigo et al. 2011). Thus, dysfunctional processing of
interpersonal stimuli may be represented by absent differen-
tiation betweenpositive andnegative information in theN170.
In line with that, Pollak and Tolley-Schell (2003) found that
different from normally developing children, those with a
history of maltreatment did not show elevated N170 ampli-
tudes in response to angry compared to happy faces.
In this study, we examined emotionally biased process-
ing in children with major depression by means of cognitive
and neurophysiological measures of early face perception.
We expected sad faces to modulate reaction times of chil-
dren with major depression: faster reactions to sad Go tar-
gets in the emotional Go/NoGo task should indicate
enhanced attention for mood-congruent information (e.g.
Hadwin et al. 2006). Decelerated reaction times to calm
faces that are interrupted by sad NoGo targets should
indicate interference of such information (Ladouceur et al.
2006; Waters and Valvoi 2009). At the neural level, we
focused on modulations of the N170 ERP associated with
major depression. Our aim was to further explore modula-
tions of this component showing inconsistent results in
previous literature (e.g. Feuerriegel et al. 2015). We
expected mood-congruent sad faces in particular to affect
the N170 in children with major depression, however, the
direction of this effect was unclear as adults with major
depression had smaller peak amplitudes (Dai and Feng
2012) or did not differ from healthy controls (Foti et al.
2010; Jaworska et al. 2012; Maurage et al. 2008) but sad
faces should draw attention in children with major
depression, increasing the N170 (Holmes et al. 2003).
Furthermore, increased amplitudes for negative emotional
faces have been found in normal samples (Batty and Taylor
2003; Blau et al. 2007) and a lack of differentiation between
positive and negative emotional faces in children with
major depression could display dysfunctional processing of
interpersonal information (Pollak and Tolley-Schell 2003).
Shortening of N170 latency as shown for early components
in other psychiatric samples (e.g. Bar-Haim et al. 2005;
Yang et al. 2011) was expected to indicate further dys-
functional processing. Topographical maps were used to
clarify the scalp distribution of emotional N170 effects.
Method
Participants
This study was part of a longitudinal project, the LIFE
CHILD Depression cohort study, which aims to identify risk
and protective factors in the development of mental disor-
ders between childhood and adulthood, with a particular
focus on depressive disorders (Quante et al. 2012). The study
was approved by the local ethics committee and informed
consent was provided by parents and children prior to the
assessments. The sample consisted of two groups of children
(see also Table 1) aged 11;00–14;11 years [M(SD) = 12.46
(1.2)]: a group of children with a present time diagnosis of
major depression (MDD, n = 26, 16 females) and a group of
age-matched healthy control children (CTRL, n = 26, 16
females). Children of the CTRL group were free of any
lifetime diagnosis and did not report depressive symptoms
within a clinical range. In theMDD group, 16 children had at
least one diagnosed comorbid disorder (9 anxiety disorder, 1
obsessive compulsive disorder, 2 attention deficit/hyperac-
tivity disorder inattentive type, 2 conduct disorder, 2 eating
disorder, 3 adjustment disorder, 1 enuresis). Further, five
children in the MDD group were receiving medication (3
Table 1 Group characteristics
of children with major
depression (MDD) and healthy
controls (CTRL) and their
comparison indicated by
t values
MDD CTRL t value MDD vs. CTRL
n (female:male) 26 (16:10) 26 (16:10)
Age M(SD) 12.46 (1.2) 12.46 (1.2)
left-hander n 4 1
IQ M(SD) 109.1 (11.4) 107.8 (8.2) 0.46
CES-DC depressive feelings M(SD) 8.73 (7.0) 1.92 (2.1) 4.74***
CES-DC low positive affect M(SD) 6.73 (3.6) 3.19 (1.5) 4.67***
CES-DC total score M(SD) 25.0 (15.7) 8.6 (5.1) 5.07***
SDQ emotional problems M(SD) 5.43 (2.5) 2.0 (2.0) 5.34***
SDQ total score M(SD) 15.9 (6.4) 9.5 (3,7) 4.27***
*** p\ .001




fluoxetine, 1 levomepromazine, 1 promethazine). Subjects
were recruited from the Department of Child and Adolescent
Psychiatry, and register based from the population of Leip-
zig and through another cooperating research project (LIFE
CHILDHealth, Quante et al. 2012). Inclusion criteria for the
study were an IQ[80, no current diagnosis of a psychosis,
autism spectrum, or neurological disorder.
Procedure
Within the LIFE CHILD Depression study, several
appointments were conducted within a time frame of
3 months maximum and a subgroup of children partici-
pated in an EEG examination. The EEG appointments
started at 9 or 10 am and lasted around 2.5–3 h. After a
short introduction to the procedure, children were prepared
for the EEG recording. The examination started with a
15-min resting EEG, followed by the first part of the
emotional Go/NoGo task (part A or B, randomised among
the participants, with one practice block performed prior to
the first part). After a short break, the children completed a
letter-based continuous performance task (CPT-F, Rosvold
et al. 1956) before the second part of the emotional Go/
NoGo task (part B or A, respectively) was performed. Two
parts were conducted to enable a sufficient number of trials
to compute the ERPs without making the task too
strenuous.
Emotional Go/NoGo task
The emotional Go/NoGo task (Hare et al. 2005) requires
subjects to react to faces expressing a particular emotion
while inhibiting responses to neutral face stimuli or vice
versa. This design requires attention control to approach,
and inhibition control to avoid targets with diverging
emotional valence (positive vs. negative) (Schulz et al.
2007). Participants were instructed to respond to specific
emotional (fearful, happy, or sad) or calm faces by pressing
a mouse button and to withhold their response to any other
faces (see Fig. 1). They were also asked to respond as
quickly and as accurately as possible. Each part (A and B)
consisted of 6 randomised blocks: fearGo/calmNoGo,
happyGo/calmNoGo, sadGo/calmNoGo, calmGo/fear-
NoGo, calmGo/happyNoGo, and calmGo/sadNoGo. We
used calm faces rather than neutral faces, because previous
studies showed that children perceive neutral faces to be
ambiguous and more negative when presented with other
negative faces (e.g. Herba and Phillips 2004). Each block
consisted of 60 facial stimuli from the NimStim set of
facial expressions (http://www.macbrain.org; Tottenham
et al. 2009) with 70 % (42) Go-trials and 30 % (18) NoGo-
trials. Faces were converted into black and white using
ADOBE! Photoshop!. They were presented on a computer
screen (visual angle: vertical 10", horizontal 7", resolution
1280 9 1024) on a black background until there was a
max. 500 ms 1500 ms
Fig. 1 Design of the emotional Go/NoGo task. Subjects were
presented with emotional (fearful, happy, or sad) and non-emotional
(calm) facial stimuli. They were asked to react with a mouse click to
certain faces (Go) and inhibit their response (NoGo) to other faces.
Every emotion was presented once in the Go condition with calm
NoGos and vice versa




mouse click or for a maximum of 500 ms. The inter-




Diagnoses were based on a semi-structured diagnostic
interview (K-SADS-PL; schedule for affective disorders
and schizophrenia for school-aged children—present and
lifetime version, Kaufman et al. 1996; German version
Delmo et al. 2001). Trained interviewers (inter-rater
reliability j = .74) conducted the interview with partic-
ipant’s parents at a separate appointment prior to the
EEG.
Child-based measures
During a previous appointment, children completed a set
of questionnaires, including the German versions of the
Strengths and Difficulties Questionnaire (SDQ, Goodman
et al. 1998) and the Center for Epidemiological Studies
Depression Scale for Children (CES-DC, Weissman et al.
1980). Only the scale ‘‘emotional symptoms’’ and the total
score of the SDQ and the scales ‘‘depressive feelings’’ and
‘‘low positive affect’’ as well as the total score of the
CES-DC were considered in this analysis to validate self-
reported depressive symptoms within the two groups. To
obtain IQ-measures, the German version of the Culture
Fair Intelligence Test (CFT-20-R, Weiß 2006) was
conducted.
Behavioural measures
Cognitive performance in the emotional Go/NoGo task was
measured by reaction times (RTs) to emotional and calm
faces in the Go condition and by commission errors (CEs)
to emotional and calm faces in the NoGo condition. The
RTs to Go targets serve as an index for attention control
processes (Hare et al. 2005). The CEs to calmNoGo targets
are an index for cognitive inhibition, and the CEs to
emotional facial NoGo targets serve as an index for emo-
tion regulation processes (Tottenham et al. 2011). Our
preliminary analyses indicated no differences between the
first and second run of the task, so the means and standard
deviations of the analysed parameters are based on all of
the blocks performed by each participant. The RTs were
cleared of outliers (\200 or[1000 ms). Furthermore, trials
with more than 14 CEs ([75 % error rate, according to
Hare et al. 2005) were excluded from the statistical anal-
ysis (14 trials).
EEG recording
The EEG was recorded with a 32-channel EEG-system
(QuickAmp by Brain Products GmbH, Munich, Germany).
The caps used for the montage included active electrodes
according to the standard 10-20-system, bipolar electrodes
to register vertical (VEOG) and horizontal (HEOG) eye
movements, and an electrocardiogram at the forearms.
Impedances were required to be below 25 kX (as recom-
mended by ActiCap software/BrainProducts) at the start of
the recording and for most cases remained below 10 kX
during the assessment. The sampling rate was 1000 Hz
without a filter except for the standard anti-aliasing filter (at
200 Hz) and referenced to common average. The data
processing was conducted with the BrainVision Analyzer
(Version 2, Brain Products). Recorded data were down-
sampled to 256 Hz and filtered (Butterworth Zero Phase
Filter, 24 dB/oct, .1–30 Hz ? 50 Hz Notch Filter). A
semiautomatic artefact rejection (using independent com-
ponent analyses, ICA) was conducted to remove ocular
artefacts plus automatic rejection of any remaining arte-
facts (amplitudes\-100 and[100 lV within 150 ms
before and 800 ms after the stimulus and low activity under
0.5 lV in 100 ms intervals within 500 ms before and after
the stimulus). Baseline correction (100 ms pre stimulus
onset) was applied before averaged stimulus-locked ERPs
were computed.
ERP measures
Only Go-trials were considered for ERP analysis and at least
20 artefact-free single-trial epochs were required to com-
pute an ERP average (see Online Resource 3 for a distri-
bution of analysed ERP trials over emotional categories).
Semiautomatic peak detection for P7 and P8 was used to
determine latency and quantify peak amplitudes of the N170
(selection criteria: start/end 130 ms/260 ms, negative
polarity). Adaptive segmentation was used to determine
microstates applying Cartool Software (brainmap-
ping.unige.ch/cartool, Brunet et al. 2011). These micro-
states represent periods of relative topographical stability in
between times of maximal topographic change and low map
strength in the groups’ grand average of neural activity
evoked by presented faces. Segment borders were identified
based on coincidence of the maxima of the dissimilarity
curve (topographic instability) and minima of the global
field potential (GFP) curve (map strength) (Lehmann 1987).
Statistical analysis
To analyse the influence of emotional faces on children’s
performance in the emotional Go/NoGo task, we ran two
multivariate analyses of covariance (MANCOVAs) for each




performance parameter (RT, CE), namely one for the emo-
tional faces in the Go condition (calmNoGo) and one for the
emotional faces in the NoGo condition (calmGo), both with
emotion (fearful, happy, sad) as a repeated measure and
group (MDD, CTRL) as a between-subjects variable.
To analyse the influence of the emotional facial
expression and major depression on the N170 component,
we ran a MANCOVA for amplitude and latency, respec-
tively, with emotion (fearful, happy, sad, calm) and elec-
trode (P7, P8) as repeated measures and group (CTRL,
MDD) as a between-subjects variable.
To account for variations in the P1 component (see
Fig. 3) which could influence peak amplitudes of the N170
(Kuefner et al. 2009), the same model was run for the
difference measure between the peaks of P1 and N170
(peak-to-peak analysis).
All analyses were controlled for gender and age, given
the gender differences in processing emotional information
(McClure 2000) and in the prevalence of major depression
(e.g. Craske 2003) as well as age effects on cognitive
control skills (Tottenham et al. 2011) and N170 charac-
teristics (Taylor et al. 2004). Because there were more left-
handed subjects in the MDD than in the CTRL group
(Table 1), additional N170 models were also controlled for
handedness.
Topographical maps of the N170 microstate were
compared using t tests (t maps). Comparisons were con-
ducted for the whole sample and additional comparisons
are presented in the online supplemental material, consid-
ering exclusion of left-handed subjects (Online Resource 4)
ad exclusion of subjects receiving medication or having
diagnoses of comorbid disorders (Online Resource 5).
All means and standard deviations of performance and
N170 measures are reported in Online Resource 1, and the
full models are reported in Online Resource 2. Analyses
were performed with IBM SPSS statistics 20. Test statistics
(F) are reported according to Wilk’s Lambda, and post hoc
comparisons were performed using Bonferroni a-correc-
tions. Huynh–Feldt correction for the degrees of freedom
was used in case of a violation of sphericity; however,
uncorrected degrees of freedom are reported. All reported
results are based on a two-sided .05 significance level.
Results
Group characteristics
Characteristics of the two groups are given in Table 1.
Groups were age matched and with equal ratio of female to
male subjects. They did not differ in IQ. The MDD group
had significantly more severe self-reported psychological
symptoms according to the CES-DC and SDQ.
Performance data
Reaction Time (RT) to emotional Go targets
The subjects showed significantly shorter RTs to happyGo
compared with fearGo (p\ .001) and sadGo (p\ .001)
targets, further RTs to sadGo targets were significantly
longer than to fearGo targets (p\ .001) (main effect for
emotion: F(2, 47) = 49.36, p\ .001, g2 = .68; Fig. 2a). No
differences between diagnostic groups or interactions were
found.
Reaction Time (RT) to calm Go targets (emotional NoGo)
A significant emotion x group interaction was found for RT
to calmGo targets (F(2, 96) = 4.18, p = .018, g
2 = .08;
Fig. 2b). Further analyses of this interaction revealed no
significant between-group differences in one-way ANOVAs
on the three different calmGo conditions. Addressing
within-group differences indicated only a trend within the
CTRL group for faster reactions to calmGo/sadNoGo faces
compared to calmGo/fearNoGo (t(25) = 2.01, p = .056).
Within the MDD group there was also only a weak trend but
in the other direction with slower reactions to calmGo/sad-
NoGo faces compared to calmGo/fearNoGo (t(25) = 1.73,
p = .095, Fig. 2b).
Commission Errors (CE)
No group differences were found for CE to emotional and
calm NoGo targets. CE associated with the calmNoGo
targets were lowest in the happyGo-condition (vs. fearGo
p = .023; vs. sadGo p\ .001) and highest in the sadGo-
condition (vs. fearGo p\ .001) (main effect of emotion:
F(2, 47) = 35.98, p\ .001, g2 = .61). There was further a
significant emotion 9 age interaction on non-emotional
NoGo targets (F(2, 96) = 3.92, p = .023, g
2 = .08) indi-
cating that 14-year-old participants made less CE than
younger subjects, which was only significant in the con-
dition sadGo/calmNoGo.
N170 ERP
The N170 waveshapes of both groups at P7 and P8 elec-
trode are shown in Fig. 3.
N170 peak amplitude
A significant main effect of emotion (F(3, 46) = 4.15,
p = .011, g2 = .21) was found on N170 amplitudes. Post
hoc comparisons (a-adjusted) revealed that amplitudes for
sad faces were most negative differing significantly from
calm faces (p = .035) and on a trend level from happy




faces (p = .067). No group differences were found
(F(1, 48) = .54, p = .467) but there was a trend for an
electrode 9 group interaction (F(1, 144) = 3.2, p = .080,
g2 = .06). Figure 4 shows the tendency for more pro-
nounced amplitudes in the MDD group at P7 (b), but post
hoc analyses revealed only a trend for a group difference in
amplitudes for sad faces (p = .091) at P7. Exclusion of five
subjects receiving medication in the MDD group (see
Online Resource 2) did not change these results. Exclusion
of 16 MDD subjects without comorbid diagnoses (Online
Resource 2) lead to a loss of all significant differences
which could be accounted for by the considerable reduction
of the sample size and loss of statistical power as the effect
size for the factor emotion (g2 = .27) was not affected but
even increased.
Including the variable handedness (right, left) as a
control variable into the model did not change these results
but a trend was found for an influence of handedness on
N170 amplitudes (F(1, 47) = 3.33, p = .075, g
2 = .07) with
left-handed subjects showing larger N170 peak amplitudes.
N170 with respect to P1 (peak-to-peak analysis)
The model run to confirm findings for the N170 peak
amplitude again revealed a significant effect of emotion
(F(3, 46) = 4.59, p = .007, g
2 = .23) with difference
measures in the sad condition being significantly higher
than in the fear (p = .017) and calm condition (p = .008).
The electrode 9 group interaction reached significance
(F(1, 144) = 4.29, p = .044, g
2 = .08). The groups did not
differ significantly (F(1, 48) = 2.14, p = .150). Significant
effects of age (F(1, 48) = 16.80, p\ .001, g2 = .26) and
electrode (F(1, 48) = 8.86, p = .005, g
2 = .16) with larger
differences at P8 electrode were found.
N170 latency
The MDD group showed significantly shorter N170 laten-
cies than the CTRL group [main effect for group
(F(1, 48) = 4.64, p = .036, g
2 = .09, Fig. 5)]. Post hoc
analyses revealed significantly shorter latencies for fearful
(p = .049), happy (p = .025) and calm (p = .046) faces in
the MDD group at P8 electrode and for happy faces at P7
electrode (p = .012). No significant main effect for emo-
tion (F(3, 46) = 1.21, p = .317), electrode (F(1, 48) = 1.21,
p = .278) or any interactions could be found. Including
handedness as a control variable into this model did change
the results of the initial analysis: Although there was no
direct effect of handedness (F(1, 47) = 1.19, p = .281) it
affected N170 latencies through a significant threefold
interaction emotion 9 electrode 9 handedness (F(1, 141) =
5.36, p = .003, g2 = .10). The main effect for group no
longer reached significance, but remained on a trend level
still showing a medium effect size (F(1, 47) = 3.58,
p = .064, g2 = .07). After exclusion of subjects receiving
medication, the group effect remained on a trend level
(Online Resource 2). After exclusion of subjects with
comorbid disorders, only a significant effect of age could
be observed (Online Resource 2).
N170 topography
Figure 6 displays topographical maps of the N170 micro-


















































Fig. 2 Reaction times (RT) of children with major depression (MDD) and healthy controls (CTRL) to emotional (a) and calm (b) facial Go
targets (*)p\ .1, ***p\ .001




between 142 and 194 ms. In the original maps, no typical
N170 distribution was observed, suggesting that the N170
was obscured by overlapping slow potentials caused by the
high preparatory, perceptual or cognitive task requirements.
Thus, we applied an additional 1 Hz high-pass filter (non-
causal Butterworth Zero Phase Filter, 24db/oct) on the
P7
P8
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Fig. 3 N170 waveshapes of children with major depression (MDD permanent line) and healthy controls (CTRL dotted line) at P8 and P7



























































Fig. 4 N170 peak amplitudes of children with major depression (MDD) and healthy controls (CTRL) at P8 (a) and P7 (b) electrodes (*)p\ .1




grand averages. The filtered data demonstrated N170 scalp
distributions that are more similar to the N170 topography
found in the literature. Thus, filtered and unfiltered maps are
displayed. Due to the higher number of left-handers in the
MDD group (Table 1), additional map analyses were con-
ducted after exclusion of three left-handed subjects and
their age matches in the CTRL group (one left-handed
subject remained in each group) which can be found in
Online Resource 3. However, removing left-handers barely
changed the N170 topography of the MDD group. The high-
pass-filtered maps show a right-hemispheric N170 nega-
tivity in the CTRL group. In contrast, maps of the MDD
group display a bilateral N170 activation. The group dif-
ferences are illustrated by t maps, showing that elevated
negativity in the left hemisphere of the MDD group, which
was significantly different from the CTRL group (indicated
by the second level of colour intensity in the tmaps). As can
be seen in Online Resource 4, after removal of left-handed
subjects, significant differences remained for sad and calm
faces. Exclusion of subjects receiving medication did not
change the N170 distribution of the MDD group (Online
Resource 5). Regarding only the ten MDD subjects without
comorbid diagnoses shows a differing distribution: there is
still a recognisable more bilateral N170 topography com-
pared to the CTRL group; however, the activation in the
right hemisphere appears higher in this subsample.
For a further comparison of lateralisation differences,
we compared difference measures of P7–P8 peak ampli-
tudes using a one-way ANOVA on the emotional condition
with group as a between-subjects factor. It revealed only
trends for group differences for happy (F(1, 50) = 3.48,
p= .068) and sad faces (F(1, 50) = 3.08, p= .085) but no
significant differences for fearful (F(1, 50) = 1.93, p= .171)
or calm faces (F(1, 50) = 2.42, p= .126).
Discussion
This study aimed at investigating biases in emotional
information processing in children with major depression
by means of cognitive performance and the N170 ERP of
early face perception in an emotional Go/NoGo task. Major
depression has long been associated with biases in elabo-
rative and strategic stages of information processing.
However, in line with some previous studies (Pierson et al.
1996; Yang et al. 2011) investigating earlier processing
stages (\300 ms) our results suggest modulations in the
early face perception of children with major depression.
Considering performance measures we could not repli-
cate the finding of Ladouceur et al. (2006) with faster
reactions to sad faces of children with major depression. In
fact, the response pattern to emotional faces was exactly
the same in both groups (Fig. 2a) pointing to a positivity
bias in attention control with faster reaction to happy faces
than to faces with negative expressions (i.e. fearful and
sad). With respect to intermitting emotional faces influ-
encing the reaction to calm facial expressions (Ladouceur
et al. 2006; Waters and Valvoi 2009) we found only weak
tendencies distinguishing our investigated groups. Infre-
quently appearing sad faces tended to decelerate the reac-
tion to calm faces in children with major depression
compared to interspersed fearful faces, while in the control
group the opposite tendency emerged. It is possible that the

















































Fig. 5 N170 latencies of children with major depression (MDD) and healthy controls (CTRL) for presented faces at P8 (a) and P7 (b) electrode
*p\ .05




it has been shown that the interpretation of neutral faces is
more likely to be influenced by emotional contexts (e.g.
Herba and Phillips 2004). Further, previous studies have
found this effect of interference in subjects with anxiety
disorder whose reactions to neutral faces were slowed
down, when angry faces appeared in between them. It is
possible that this mood-congruent interference on attention
operates in major depression in a weaker intensity. There
may also be methodological reasons for not finding mood-
congruent selective attention in the MDD group. Other
studies have failed to do so too (Hill and Dutton 1989;
MacLeod et al. 1986), but extending presentation times of
emotional stimuli to 1000 ms leads to findings of emo-
tionally biased attention (Gotlib et al. 2004b; Mogg et al.
1995). In our study, faces disappeared as soon as subjects
responded to them with the mouse click or after 500 ms,
thus, presentation times were fairly shorter than the
1000 ms that may be necessary to demonstrate effects of an
emotional bias.
We found shortened N170 latencies of children with
major depression compared to healthy controls. Shorter
latencies to emotional cues (preceding target stimuli) have
been found in patients with depression in the P1 (Yang et al.
2011) and in patients with anxiety disorder in the P1 and N1
(Bar-Haim et al. 2005). Unlike these previous findings,
shortened latencies of the N170 were not specific to nega-
tive faces in our experiment. Thus, this result does not point
















Fig. 6 N170 topography maps of the MDD and the CTRL group and t maps displaying group differences. Significant differences are indicated
by the second level of colour intensity or higher (t C 2). t map comparisons for unfiltered maps




face perception in children with major depression whose
processing starts earlier than that of healthy controls. Fur-
ther, the earlier onset of perceiving faces did not lead to
faster reactions of children with major depression in the
emotional Go/NoGo task. It has to be noted that studies
investigating adults with major depression have not repor-
ted modulations of N170 latency (Foti et al. 2010; Jaworska
et al. 2012; Maurage et al. 2008). So our suggestion is that it
may be a developmental feature. N170 latency is develop-
ing from early childhood until adulthood (Taylor et al.
2004). Possibly the phenomenon outgrows and thus cannot
be found in older samples; therefore, longitudinal studies
are necessary to clarify these aspects.
Contrary to our assumption, children with major
depression did not differ significantly from control children
regarding their N170 amplitudes to emotional faces. For
the whole sample, we found that sad faces were associated
with most negative amplitudes and only a marginal group
difference in amplitudes for sad faces was found at the P7
electrode. Notably, the differences in the N170 peak
amplitude were not affected by influences of the P1 peak
amplitude. We assume the heterogeneity of the N170 in the
age range of our sample to prevent the detection of group
differences. Previous studies have demonstrated that the
N170 morphology varies strongly across development
(Batty and Taylor 2003; Kuefner et al. 2009; Taylor et al.
2004), and that differentiation between emotions in the
N170 peak amplitude is not observed until the age of 14
(Batty and Taylor 2006). Thus, maybe altered emotional
processing related to major depression cannot be observed
by means of the N170 in children younger than 14 years.
Comorbid disorders are typical for children with major
depression and make it difficult to distinguish the effects of
major depression on information processing from influ-
ences of other symptoms. In our sample, 16 out of 26
children in the clinical group had a comorbid diagnosis.
Exclusion of these children lead to a loss of all statistical
significances concerning N170 peak amplitudes and
latencies, however, partial eta square effect sizes remained.
It is thus possible that the reduced statistical power of the
much smaller sample accounts for the lack of significance.
However, we cannot estimate the influence of other dis-
orders like ADHD or social phobia on the original results,
which for example have been shown to extend N170 peak
amplitudes (Feuerriegel et al. 2015).
Investigating microstates allows for a broader and more
comprehensive view on neural activation for emotional
faces. The topography of the N170 microstate showed the
typical right-lateralisation of the N170 in control children
[after high-pass filtering with 1 Hz] (Bentin et al. 1996;
Rossion et al. 2003). In contrast, t maps indicated more
negativity over the left hemisphere in children with major
depression, who appear to lack the right-hemispheric
specialisation. There is extensive evidence for a dominance
of the right hemisphere in the processing of faces (see
Gainotti 2013 for a review). However, Rossion et al. (2000)
could show a right-hemispheric advantage for configural
processing of the whole face while the left hemisphere was
dominant when features of faces were processed. Thus,
children with major depression may employ a different
strategy in their recognition of faces that is less focused on
the face as a whole but on particular features like eyes or
mouth. In another study (McNeely et al. 2008), left-
hemispheric dominance of the N170 to emotional words
was found in healthy subjects but not in individuals with
major depression. Regarding these results, another possi-
bility is that major depression is associated with a lack of
hemispheric specialisation in the processing of different
stimulus classes by means of the N170. This bilateral
activation could point to deficits in the distinction of object
categories. Nevertheless, further studies are needed to
clarify if these alterations demonstrate a functional deficit,
as from our behavioural data there were no hints for
impairments in the cognitive performance of children with
major depression. The bilateral distribution of the N170 in
children with major depression persisted to be distinct after
exclusion of left-handed subjects (see Online Resource 3)
although t map comparisons then only remained significant
for sad and calm faces. We further saw that t maps for calm
faces show a higher intensity, which we attribute to the
greater number of averages (comprising three conditions:
calmGo/fearNoGo, calmGo/happyNoGo, calmGo/sad-
NoGo) underlying their calculation. It is thus possible, that
statistical power accounts for milder differences in com-
paring N170 topographies for (happy and fearful) emo-
tional faces. Nevertheless, a substantially higher activation
in the left hemisphere for sad faces may point to a specific
sensitivity for mood-congruent emotional information in
children with major depression. It has to be noted that the
further investigation of lateralisation differences by a
comparison of P7 and P8 within subject comparisons did
only show trend effects for a group difference. However,
the obtained maps and t maps show that the main differ-
ence in activation appears more central than the investi-
gated electrode sites which would explain that the effect is
weaker when comparing P7 and P8 activation.
Looking at the notably small group (n = 10) of children
having only a diagnosis of major depression without
comorbidities still show a bilateral distribution of the N170
but higher activation in the right hemisphere compared to
the whole MDD group. This suggests further investigations
comparing major depression with and without comorbid
disorders to find out more about how major depressive
disorder itself modulates the N170.
Put together, we could not find associations between
cognitive performance measures and N170 ERP measures




in children with major depression. Possibly, in the inves-
tigated age range, neural modulations in early face pro-
cessing do not (yet) lead to alterations in performance that
appear as an emotional bias in cognition. Almost all sub-
jects of the clinical sample did experience their first epi-
sode of major depression. From a developmental
perspective it is possible that differences in processing
emotional faces just begin to emerge at that point of time
and might increase with ongoing disease and/or recurring
episodes. Altered early face processing may serve as a
precursor of differences emerging at later stages of pro-
cessing involving elaboration and regulation of emotional
information (Yang et al. 2011), and lead to emotional
biases (Mogg et al. 1995; Williams et al. 1997). Alterna-
tively, it is possible that behavioural effects emerge later in
development or with recurrence of major depression.
A limitation of this study is the relatively small sample
size that could account for the weakness of some of the
effects and the absence of significant differences in post hoc
comparisons. Furthermore, all subjects of the MDD group
(except one) were receiving treatment by in- or outpatient
services and we did not have information about treatment
duration and possible symptom reductions that may vary
within the group. It was also not possible to closer examine
the effects of age within our limited sample. Further, our
stimuli were not controlled for low-level properties such as
luminance, contrast and spatial frequency which could be a
confounder across emotion categories. Future studies
should aim to investigate larger samples that make it pos-
sible to analyse the effect of comorbid disorders and age on
neural aspects of face processing.
Taken together, our results suggest some subtle early
alterations in face processing in children with major
depression. The lack of hemispheric specialisation of the
N170, particularly for sad faces may serve as a biomarker
of major depression. Longitudinal studies are necessary to
find out more about the development of these effects, their
relation to behavioural outcomes and their role in the
aetiology and maintenance of major depression.
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Online Resource 1 Means (M) and standard deviations (SD) of all analyzed parameters of children with major 
depression (MDD) and healthy controls (CTRL): reaction time (RT) to emotional Go targets and calm Go 
targets, commission errors (CE) to emotional and calm NoGo targets, N170 peak amplitudes and latencies to 
emotional and calm faces at P7 and P8 electrode. 
  
MDD M(SD)  
n = 26 
 
CTRL M(SD) 
n = 26 
RT emotional Go targets   
fearGo 451,30ms (80,6) 450,01ms (75,0) 
happyGo 427,10ms (80,8) 424,64ms (72,5) 
sadGo 489,41ms (89,2) 485,45ms (94,2 
RT calm Go targets   
calmGo/fearNoGo 456,91ms (88,2) 477,84ms (95,7) 
calmGo/happyNoGo 463,09ms (78,9) 469,21ms (83,5) 
calmGo/sadNoGo 467,26ms (83,4) 459,73ms (83,3) 
CE emotional NoGo targets   
fearNoGo 4,96 (3,1) 4,63 (2,9) 
happyNoGo 5,15 (2,9) 5,15 (3,0) 
sadNoGo 5,04 (3,2) 4,92 (3,2) 
CE calm NoGo targets   
fearGo/calmNoGo 4,42 (2,9) 4,48 (3,1) 
happyGo/calmNoGo 3,56 (2,1) 3,81 (2,3) 
sadGo/calmNoGo 6,60 (3,0) 6,12(3,6) 
N170 peak amplitude P8   
fear -2,93 µV (3,8) -2,77 µV (5,9) 
happy -2,72 µV (4,0) -3,68 µV (4,7) 
sad -3,75 µV (3,9) -3,88 µV (5,8) 
calm -2,73 µV (3,4) -2,77 µV (5,5) 
N170 peak amplitude P7   
fear -3,36  µV (4,1) -1,46  µV (4,9) 
happy -3,84  µV (4,3) -2,45  µV (4,4) 
sad -4,09  µV (4,1) -1,97  µV (4,7) 
calm -3,43  µV (3,7) -1,68  µV (4,0) 
N170 latency P8   
fear 170,82ms (20,1) 184,19ms (27,2) 
happy 168,87ms (15) 183,44ms (28,5) 
sad 172,43ms (16,3) 179,39ms (23,9) 
calm 168,37ms (15,6) 180,61ms (26, 2) 
N170 latency P7   
fear 174,13ms (22,8) 184,19ms (27,2) 
happy 169,32ms (18,3) 187,38ms (30,1) 
	 33	
sad 173,31ms (19,9) 183,44ms (28,5) 





Online Resource 2 MANCOVA models with the repeated measures variable emotion (fearful, happy, sad) and 
between-subjects variables group (MDD, CTRL) and sex (male, female) and the covariate age for all 
investigated parameters (reaction time (RT) to emotional Go targets and calm Go targets, commission errors 
(CE) to emotional and calm NoGo targets, N170 peak amplitude to emotional and calm faces, N170 latency to 
emotional and calm faces as well as additional models for N170 measures that include the control variable 
handedness. 






F(2, 47) = 
49.36, 
p < .001,  
η² = 0.68 
F(1, 48) = 
0.01, 
 p = .908,  
F(2, 96) = 
0.03, 
 p = .971 
F(1, 48) = 
0.04, 
p = .838 
F(1, 48) = 
2.09, 
p = .155 
RT calm 
Go targets 
F(2, 47) = 
0.26, 
 p = .775 
F(1, 48) = 
0.68, 
p = .779 
F(2, 96) = 
4.18,  
p = .018,  
η² = 0.08 
F(1, 48) = 
0.14,  
p = .908 
 
F(1, 48) = 
1.94, 






F(2, 47) = 
0.92,  
p = .406 
F(1, 48) = 
0.04,  
p = .842 
F(2, 96) = 
0.14, 
 p = .873 
F(1, 48) = 
0.02,  
p = .904 
F(1, 48) = 
5.83,  
p = .020, 




F(2, 47) = 
35.98,  
p < .001,  
η² = .61 
F(1, 48) = 
0.01,  
p = .932 
F(2, 96) = 
0.81, 
p = .447 
F(1, 48) = 
0.02,  
p = .904 
F(1, 48) = 
8.00,  
p = .007, 




F(3, 46) = 
4.15,  
p = .011,  
η² = 0.21 
F(1, 46) = 
0.54, 
p = .467 
F(3, 144) = 
0.83,  
p = .468, ε = 
0.914 
F(1, 48) = 
0.03,  
p = .855 
F(1, 48) = 
0.01,  
p = .932 
N170 
latency 
F(3, 46) = 
1.21,  
p = .317 
F(1, 46) = 
4.64,  
p = .036, 
η² = .09 
F(3, 144) = 
2.14, 
p = .106, ε = 
0.888 
F(1, 48) = 
0.06, 
 p = .812 
F(1, 48) = 
4.69,  
p = .035,  
η² = .09 





F(3, 45) = 
4.27,  
p = .010, η² = 
0.22 
F(1, 47) = 
0.13, 
p = .716 
F(3, 141) = 
1.09,  
p = .353, ε = 
0.929 
F(1, 47) = 
0.09,  
p = .762 
F(1, 47) < 
0.01,  






F(3, 45) = 
1.24,  
p = .307 
F(1, 47) = 
3.58,  
p = .064, η² = 
.07 
F(3, 141) = 
2.32, 
p = .084, ε = 
0.903 
F(1, 47) < 
0.01, 
 p = .953 
F(1, 47) = 4. 
49,  
p = .031, η² = 
.10 




(n = 42) 
F(3, 36) = 
3.61,  
p = .022, η² = 
0.23 
F(1, 38) = 
1.19, 
p = .281 
F(3, 114) = 
1.49, 
p = .225 
 ε = 0.863 
(F(3, 120) = 
3.91,  
p = .055 
electrode*grou
p) 
F(1, 38) = 
0.02,  
p = .884 
F(1, 38) = 
0.06,  





(n = 42) 
F(3, 36) = 
1.45,  
p = .245 
F(1, 38) = 
3.84,  
p = .058, η² = 
.09 
F(3, 114) = 
2.61, 
p = .061, η² = 
.06, 
 ε = 0.899 
F(1, 38) = 
0.20, 
 p = .659 
F(1, 38) = 
2.13,  
p = .153, η² = 
.05 




(n = 20) 
 
F(3, 14) = .76,  
p = .201, η² = 
0.27 
F(1, 16) = 
0.54, 
p = .473 
F(3, 48) = 
1.34,  
p = .271 
F(1, 16) = 
6.95,  
p = .492 
F(1, 16) < 
0.01,  





(n = 20) 
 
F(3, 14) = 
0.84,  
p = .494, η² = 
.05 
F(1, 16) = 
0.82,  
p = .378, η² = 
.05 
F(3, 48) = 
0.84,  
p = .480, ε = 
1.0 
F(1, 16) = 
2.74, 
 p = .118 
F(1, 16) = 
6.34, 






F(3, 46) = 
4.59,  
p = .007, η² = 
0.23 
F(1, 48) = 
2.14, 
p = .150 
F(3, 144) = 
4.29,  
p = .044, η² = 
0.08 
F(1, 48) = 
0.31,  
p = .582 
F(1, 48) = 
16.80,  
p < .001 
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Online Resource 3 Distribution of trials included to create average ERPs of the MDD and the CTRL group and 

























































Online Resource 4 Maps for the N170 microstate of the MDD and the CTRL group and t maps displaying group 
differences after exclusion of 3 left-handed subjects from the MDD group (as well as their matched subjects in 
the CTRL group), one left-handed subject remained in each group. Significant differences are indicated by the 
second level of colour intensity or higher. 
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Online Resource 5 Maps for the N170 microstate of the MDD group after exclusion of 4 medicated subjects and 
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Attenuated LPP to Emotional Face Stimuli Associated with Parent-
and Self-Reported Depression in Children and Adolescents
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Abstract
Individuals diagnosed with a depressive disorder have been found to show reduced reactions to emotional information consistent
with the hypothesis of an emotional context insensitivity. However, there are contradictory findings of enhanced reactivity and
mood-congruent processing. Electroencephalography (EEG) recordings of the late positive potential (LPP) can display such
blunted or enhanced activity. Due to these contradictory findings, there is a need to clarify the role of the LPP in the emergence
and presence of depressive disorders especially in children. We used an emotional Go/NoGo task to investigate modulations of
the LPP to emotional (fearful, happy, sad) and calm faces in a sample of children and adolescents (age 11;00–14;11) diagnosed
with a depressive disorder according to diagnostic parent interviews (K-SADS-PL) (n = 26) compared to a group of age-matched
healthy controls (n = 26). LPP positivity was attenuated in children and adolescents with a depressive disorder as well as with
higher self-reported depressive symptoms, suggesting reduced reactivity to emotional and calm faces. This is the first study to
find generally blunted LPP responses in a clinical sample of depressed youth across reporters. Such dysfunctional modulation of
neural activity may represent a potential biomarker for depressive disorders. The results call for further prospective studies
investigating the course of the LPP before and after the onset of a depressive disorder in youth.
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Depressive disorders constitute one of the most prevalent psy-
chiatric diseases worldwide (Steel et al. 2014) and often have
their onset in childhood and adolescence (Birmaher et al.
1996). Individuals with major depressive disorder have been
found to show abnormal patterns of emotional reactivity
(Beck et al. 1979; Foti et al. 2010), including disengagement
from the environment and reduced reactions to emotional
stimuli, including facial expressions (Cuthbert et al. 2000;
Foti et al. 2009; Schupp et al. 2004; see also Proudfit et al.
2015 for a review). Such patterns are consistent with the
Emotion Context Insensitivity hypothesis (ECI, Rottenberg
et al. 2005), which is based on the assumption of a blunted
reaction to and withdrawal from emotionally salient informa-
tion in depressive disorders. Accordingly, individuals with
depressive disorders have been found to show reduced reac-
tivity to both positive and negative emotional information
(Bylsma et al. 2008).
Electroencephalography (EEG) is a non-invasive and cost-
effective neurophysiological method that is high in time-res-
olution. Thus, it is a useful and child appropriate tool for
investigating biological correlates of depressive disorders,
and for shedding further light on mechanisms underlying dys-
functional emotional processing. The late positive potential
(LPP) is an event-related potential (ERP) that indexes selec-
tive attention toward emotional stimuli. This slow-wave com-
ponent has been shown to be elevated for emotional (pleasant
and unpleasant) compared to neutral stimuli (e.g. Cuthbert
et al. 2000; Hajcak and Olvet 2008; Schupp et al. 2004).
The LPP is maximal at centro-parietal sites (Cuthbert et al.
2000), with a developmental shift from more occipital sites
in childhood to primary parietal regions with increasing age
(Kujawa et al. 2012b). In adults, it arises around 200 ms after
stimulus onset and continues as long as the stimulus is present
and beyond (Hajcak and Olvet 2008), which suggests it rep-
resents ongoing emotional processing (Hajcak and Dennis
2009). However, in children the LPP was shown to be less
protracted in duration (Hajcak and Dennis 2009). The extent
to which the LPP is elevated for emotional stimuli has been
related to the subjective value or intensity (Hajcak et al. 2010).
This sensitivity makes the measure well suited for investigat-
ing psychiatric disorders.
Emotional faces are useful stimuli to investigate children
and adolescents. They are consistently present and relevant
from an early age. The development of cognitive-affective
skills in identifying and processing facial expressions is
regarded as a milestone for adaptive social behaviour in youth
(Herba and Phillips 2004) and is known to be affected in
individuals with depressive disorders (Casey 1996). Facial
expressions further provide emotion specific stimuli (i.e. hap-
py vs. sad vs. fearful). Most previous LPP research used stim-
uli from the International Affective Pictures System (IAPS)
that comprises photographs of emotional scenes, for example
appealing animals, weapons, everyday objects or landscapes
(e.g. Hajcak and Dennis 2009; Kujawa et al. 2012b;
MacNamara et al. 2016a; Solomon et al. 2012; Weinberg
et al. 2016). These can be allocated to rather broad categories
like pleasant vs. unpleasant vs. neutral. Faces have been found
to be less arousing than IAPS by means of LPP activity
(Kujawa et al. 2012b). However, emotional faces have been
shown to enhance LPP responses relative to neutral faces
(Eimer et al. 2003; Krolak-Salmon et al. 2001; Luo et al.
2010; Smith et al. 2013). Additionally, emotional differentia-
tion between faces has been observed in the LPP: fearful and
angry faces elicited larger LPPs, than happy, sad or neutral
faces (Foti et al. 2010; Morel et al. 2009; Schupp et al.
2004; Williams et al. 2006). Other studies applying tasks with
high cognitive demand (e.g. target detection, rapid serial visu-
al presentation task) further found LPP enhancements for hap-
py and sad expressions (Batty and Taylor 2003; Eimer et al.
2003; Krolak-Salmon et al. 2001; Luo et al. 2010). These
results suggest an automatically increased activation for high-
ly sensitive stimuli such as threatening faces, and for other sad
or happy faces, under particular conditions that cause in-
creased attention (Weinberg and Hajcak 2011).
Affective disorders such as major depression and dysthy-
mic disorder are associated with abnormalities in the LPP.
Depressed individuals have been shown to exhibit reduced
LPPs in response to unpleasant emotional stimuli (Foti et al.
2010; Kayser et al. 2000; MacNamara et al. 2016a).
Interestingly, Weinberg et al. (2016) found dramatically re-
duced LPP to rewarding and threatening images in adults
with onset of depression in adolescence, but not in those
with onset in adult age. Studies investigating children and
adolescents focused on youth at risk of depressive disorders.
Kujawa et al. (2012a) identified the time course and scalp
distribution of the LPP in response to emotional faces in
young children of mothers with a history of depression.
These children failed to show differentiation between
emotional and neutral faces in the early occipital LPP. In
another study, Nelson et al. (2015) examined adolescent girls
with a parental risk for depression who were found to show
blunted LPP to pleasant, unpleasant and also neutral pictures,
suggesting more extensive blunting and motivational
withdrawal. Investigating a sample of youth with anxiety
disorders, Kujawa et al. (2015) found reduced LPP associated
with depressive symptoms. Hence, studies with risk samples
suggest that patterns of electrocortical reactivity to emotional
stimuli may be associated with vulnerability to depressive
disorders. All in all, the findings of reduced LPPs in adults
with depressive disorders and youth at risk of depression are
in line with the ECI hypothesis (Rottenberg et al. 2005).
However, there are contradictory findings for female adoles-
cents with a depressive disorder that were found to show en-
hanced LPP responses to emotional faces (Burkhouse et al.
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2017) and to self-referential emotional words (Auerbach et al.
2015). An association between parental depression and en-
hanced LPP response to negative words was found by Speed
et al. (2016). Further, Jaworska et al. (2012a), observed en-
hanced LPPs for sad faces in adults with depressive disorders
and proposed an attentional bias towards mood-congruent
stimuli. There is thus further need for research to clarify the
role of the LPP in the emergence and presence of depressive
disorders.
The aim of this study was therefore to examine LPP re-
sponses in children and adolescents with depressive disorders
compared to healthy controls using an emotional Go/NoGo
task (Hare et al. 2005), a paradigm to investigate selective
attention and cognitive control processes in the context of
emotional information. We obtained information about de-
pression through diagnostic interviews with parents as well
as through participants’ self-reported dimensional ratings of
symptoms. To the best of our knowledge this is the first study
to investigate the LPP in a clinical sample of youth across
reporters.
Based on previous findings, we expected blunted LPPs to
emotional faces (Foti et al. 2010; Nelson et al. 2015;Weinberg
et al. 2016) in the group with depressive disorders. Further, we
were interested in the reactivity of depressed subjects to sad
faces, assuming, that there would bemood-congruent process-
ing advantages leading to enhanced LPP activity. Emotional
reactivity was analysed according to LPP mean activity. To
illustrate the data, LPP waveforms and topographical maps of
the scalp surface are presented. The topographical maps dis-
play the mean voltage distribution on the head for a specific
time frame.
In the supplemental material (Supplement 1) we also pro-
vide emotion specific topographic maps of the two diagnostic
groups and t-map group comparisons.
Method
Participants
This study was part of a longitudinal project, the LIFECHILD
Depression cohort study, which aims to identify risk and pro-
tective factors in the development of mental disorders between
childhood and adulthood, with a particular focus on depres-
sive disorders (Quante et al. 2012). The study was approved
by ethics committee of the Universität Leipzig and informed
consent was provided by parents and children prior to the
assessments. The subsample of the present study consisted
of two groups of children aged 11;00–14;11 years (M(SD) =
12.46 (1.2) (see Table 1)): a group of children with a current
diagnosis of a depressive disorder (DD, n= 26, 16 females)
and a group of age-matched healthy control children (HC,n=
26, 16 females). Children of the HC group were free of any
lifetime psychiatric diagnosis (according to the parent version
of the K-SADS-PL) and did not report depressive symptoms
(CES-total score below the clinical cutoff of 14 points). In the
DD group, 16 children had at least one other disorder (9 anx-
iety disorder, 1 obsessive compulsive disorder, 2 attention
deficit/hyperactivity disorder inattentive type, 2 conduct dis-
order, 2 eating disorder, 3 adjustment disorder, 1 enuresis).
Five subjects of the DD group received medical treatment (3
Fluoxetine, 1 Levomepromazine, 1 Promethazine). Subjects
were recruited from the Department of Child and Adolescent
Psychiatry, and a register-based sampling from the population
of Leipzig, as well as through another cooperating research
project (LIFE CHILD Health, Quante et al. 2012). Inclusion
criteria for the study were an IQ > 80, and no current diagnosis
of psychosis, autism spectrum, or neurological disorder.
Procedure
Diagnostic interviews and questionnaires were completed at
another appointment prior to the EEG. The EEG assessment
started at 9 or 10 a.m. and lasted around 2.5–3 h. After a short
introduction to the procedure, children were prepared for the
EEG recording. The examination started with a 15-min resting
EEG, followed by the first part of the emotional Go/NoGo
task (Part A or B, randomized among the participants, with
one practice block performed prior to the first part). After a
short break, the children completed a letter-based continuous
performance task (CPT-F, Rosvold et al. 1956) before the
second part of the emotional Go/NoGo task (part B or A,
respectively) was performed. Two parts were conducted to
make sure there were a sufficient number of trials to compute
the ERPs without making the task too strenuous.
Emotional Go/NoGo Task
The emotional Go/NoGo task (Hare et al. 2005) requires sub-
jects to respond to faces that express a particular emotion
while inhibiting responses to neutral face stimuli, or vice
versa. This design requires attention control to approach, and
inhibition control to avoid targets with diverging emotional
valence (positive vs. negative; Schulz et al. 2007).
Participants were instructed to respond to specific emotional
(fearful, happy, or sad) or calm faces by pressing a mouse
button and to withhold their response to any other faces (see
Fig. 1). They were also asked to respond as quickly and as
accurately as possible. Each part (A and B) consisted of six
randomized blocks: fearGo/calmNoGo, happyGo/calmNoGo,
sadGo/calmNoGo, calmGo/fearNoGo, calmGo/happyNoGo,
and calmGo/sadNoGo. Calm faces were used, because some
studies have found that children do not always perceive neu-
tral face stimuli as emotionally neutral (Lobaugh et al. 2006;
Thomas et al. 2001), particularly when presented with other
negative faces (e.g. Herba and Phillips 2004). A calm face is
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supposed to appear more relaxed than a neutral face, like
conducting a calm activity or being pleasantly occupied.
Tottenham et al. (2009) have shown that calm faces were
labelled as neutral or plain but interpret as less emotionally
significant compared to neutral faces. Each block consisted of
60 face stimuli from the NimStim set of facial expressions
(www.macbrain.org; Tottenham et al. 2009) with 70% (42)
Go-trials and 30% (18) NoGo-trials. Faces were converted
into black and white using ADOBE® Photoshop®. They
were presented on a computer screen (19′, distance 120 cm,
resolution 1280 × 1024) on a black background until there
was a mouse click or for a maximum of 500 ms. The inter-
stimulus interval (showing a white fixation cross) was
1500 ms.
Subjects were presented with emotional (fearful, happy, or
sad) and non-emotional (calm) facial stimuli. Every block
included faces with one emotion, and calm faces.
Participants were asked to respond with a mouse click to faces
of a certain emotion or calmness, and inhibit their response to
other faces. Every block included faces of one emotion com-
bined with calm faces, presented once in the Go condition and
once in the NoGo condition (Figs 2 and 3).
Measures
Diagnostic Interview DSM-IV diagnoses were based on the
semi-structured interview Schedule for Affective Disorders
and Schizophrenia for School Aged Children – Present and
Lifetime Version (KSADS-PL, Kaufman et al. 1996; German
version by Delmo et al. 2001, revised according to the K-
SADS-PLWorking Draft, Axelson et al. 2009). Trained inter-
viewers conducted the interview with participant’s parents at a
separate appointment prior to the EEG (inter-rater reliability
for all diagnoses (10% of interviews conducted): κ = 0.71;
Matuschek et al. 2015).
Child-Based Measures Children completed the German ver-
sion of the Center for Epidemiological Studies Depression
Scale for Children (CES-DC, Weissman et al. 1980). In our
data analysis we used the CES total score (20 items, α = 0.88)
and the scale of depressive feelings (α = 0.94) that consists of
seven items like ‘I felt down and unhappy’, ‘I felt like crying’,
‘I felt lonely, like I didn’t have any friends’. IQ was measured
using the German version of the Culture Fair Intelligence Test
(CFT-20 R, Weiss and Weiss 2006).
Fig. 1 Design of the emotional
Go/NoGo task
Table 1 Group characteristics of children with depressive disorders (DD) and healthy controls (HC)
Measure DD HC T-value DD vs. HC
n (female: male) 26 (16: 10) 26 (16: 10)
Age M(SD) 12.46 (1.2) 12.46 (1.2)
IQ M(SD) 107.8 (8.2) 109.1 (11.4) 0.46
range 96–125 88–130
CES-DC Depressive Feelings M(SD) 8.73 (7.0) 1.92 (2.1) 4.74***
range 0–20 0–6
CES-DC total score M(SD) 25.0 (15.7) 8.6 (5.1) 5.07***
range 5–53 2–14
*** p < 0.001
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EEG Recording The EEG was recorded using a 32-channel
EEG system (QuickAmp by Brain Products GmbH, Munich,
Germany). The caps used for the montage included active
electrodes according to the standard 10–20 system, bipolar
electrodes to register vertical (VEOG) and horizontal
(HEOG) eye movements, and an electrocardiogram at the
forearms. Impedances were required to be below 25 kΩ (as
recommended by ActiCap software/Brain Products) at the
start of the recording and for most cases remained below 10
kΩ during the assessment. The sampling rate was 1000 Hz
and referenced to common average, and a standard
antialiasing filter was applied. The data processing was con-
ducted using the BrainVision Analyzer (Version 2, Brain
Products). Recorded data were downsampled to 256 Hz and
filtered (0.1–30 Hz + 50 Hz). Semiautomatic artifact rejection
(using independent component analyses, ICA) was conducted
to remove ocular artifacts plus automatic rejection of any re-
maining artifacts (amplitudes < −100 μVand > 100 μVwithin
150 ms before and 800 ms after the stimulus and epochs of
low activity under 0.5 μV over periods of at least 100 ms
intervals within 500 ms before and after the stimulus).
Baseline correction (200 ms before stimulus onset) was ap-
plied before averaged stimulus-locked ERPs were computed.
ERP Measures At least 20 artifact-free single-trial epochs
were required to compute an ERP average. There was no
Fig. 2 Grand average waveforms presenting the LPP at a pooling of
centro-parietal sites (Pz, P3, P4, CP1, CP2, Cz, C4): (a) for all faces
presented in the Go-Condition of the task of the DD group (dotted line)
and the HC group (permanent line). (b) showing all emotional conditions
of the DD group. (c) showing all emotional conditions of the HC group
Fig. 3 LPP mean activity. Note. This shows bar charts with error bars
(95% CI) for each emotional condition (fearful, happy, sad, calm) in the
two groups (DD and HC)
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difference between the two diagnostic groups concerning
artifact-free single trials (DD M(SD) = 355.04 (73.85), HC
M(SD) = 347.64 (70.55), t(46) = −0.35, p = 0.73). The LPP
was scored within a time frame of 400 to 1500 ms. This
window was oriented on previous literature (e.g. Foti
et al. 2010; Kujawa et al. 2013a, b; MacNamara et al.
2016a) and the emergence of emotional differences until
the end of positivity in the grand average. According to
the scalp distribution of the positive activity in this inter-
val (see Fig. 4), a pooling of six electrodes (Pz, P4, CP1,
CP2, Cz, C4) was chosen for analysis. Topographic maps
display the group mean voltage distributions over the
scalp and are compared by means of t-maps that represent
uncorrected t-tests of all electrodes (see Fig. 4).
Statistical Analysis
Data was analysed using IBM SPSS statistics 24. To analyse
differences in the LPP between diagnostic groups, we con-
ducted a mixed-design ANOVA each with emotion (fearful,
happy, sad, calm) as a repeated measure and group (DD, HC)
as between-subjects factor and emotion * group interaction
effects. To analyse the influence of self-reported depressive
symptoms on the LPP and interaction effects, an ANCOVA
each was performed for the whole sample with emotion (fear-
ful, happy, sad, calm) as a repeated measure and CES
Depressive Feelings as covariate and emotion * CES
Depressive Feelings interaction effect. Post-hoc comparisons
were performed using Bonferroni corrections. In case of a
violation of sphericity, Greenhouse-Geisser corrections for
the degrees of freedom were applied. The LPP data was
cleared for outliers that differed more than 3 SD from the
mean score of the whole sample, thus two LPP scores had to
be excluded for one subject of the DD group.
Results
Group Characteristics
A description of the two diagnostic groups is given in Table 1.
Groups were age matched and had equal ratios of female to
male subjects. They did not differ significantly in IQ. The DD
group had significantly more severe self-reported depressive
symptoms according to the CES-DC.
LPP Activity
Figure 2 shows ERP grand average waveforms for the whole
sample and for each emotional condition of the Go/NoGo task
separately for both groups. Figure 3 presents bar charts of the
LPP to emotional and calm faces for the two groups.
LPP Mean Activity
The ANOVA on the mean LPP activity of emotion (fearful,
happy, sad, calm) by group (HC, DD) showed a significant
main effect for emotion (F(3, 45) = 12.75, p < 0.001, ηp
2 =
Fig. 4 Topographical maps of the
time window between 400 and
1500 ms show the scalp
distribution of the LPP at centro-
parietal sites for both groups.
Note. A t-map comparison
(uncorrected t-test of all
electrodes) illustrates the
difference of DD – HC group.
Significance in the t-map is
illustrated by the colour intensity.
A colour level of two or higher
indicates a significant difference.
The grayscale t-map shows
absolute t-values. Following the
original maps, the DD group
presents less LPP activity than the
HC group
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0.46). Activation was highest for fearful faces (M(SD) = 3.79
(2.02), vs. happy p < 0.001, vs. sad p = 0.059, vs. calm p =
0.017) and lowest for happy faces (M(SD) = 2.58 (1.54), vs. sad
p = 0.001, vs. calm p < 0.001); sad (M(SD) = 2.94 (1.65)) and
calm faces (M(SD) = 3.27 (1.72)) did not differ significantly.
Also the main effect for group was significant F(1, 47) = 5.32,
p = 0.026, ηp
2 = 0.1). TheDD group presented lower LPPmean
activity (M(SE) = 2.71 (0.31)) than the HC group (M(SE) =
3.70 (0.30)). The interaction of emotion * group failed to reach
significance F(3, 141) =1.95, p = 0.124, ηp
2 = 0.04).
The ANCOVA of emotion (fearful, happy, sad, calm) by
CES score of depressive feelings showed a significant main
effect for emotion (F(3, 45) = 12.8, p < 0.001, ηp
2 = 0.46) with
similar differences between emotions as in the previous
ANOVA by group (fear vs. happy p < 0.001, fear vs. sad
p = 0.063, fear vs. calm p = 0.019, happy vs. sad p = 0.002,
happy vs. calm p < 0.001, sad vs. calm p = 1). The effect of
the covariate CES Depressive Feelings on the LPP mean ac-
tivity was also significant (F(1, 47) = 4.35, p = 0.042, ηp
2 =
0.08). The interaction effect for emotion * CES Depressive
Feelings failed to reach significance. To further investigate the
significant main effect of the covariate, a bivariate correlation
for CES Depressive Feelings and the LPP mean activity to all
faces presented in the Go/NoGo task was conducted. It re-
vealed that more depressive feelings were associated with
lower LPP mean activity (r = −0.31, p = 0.027).
Discussion
This study investigated the slow-wave LPP to emotional and
calm faces in a clinical sample of youth with depressive dis-
orders compared to healthy controls using an emotional Go/
NoGo task. In line with the ECI hypothesis (Rottenberg et al.
2005), we found attenuated LPP positivity in participants di-
agnosed with a depressive disorder. Furthermore, our data
showed a significant association of self-reported depressive
symptoms and attenuated LPPs. The effects indicate dysfunc-
tional modulations in the processing of emotional information
associated with depression across reporters.
The group of youth with depressive disorders showed low-
er LPP activity to all faces presented in the Go/NoGo task
compared to an age-matched group of healthy controls. This
result is in line with studies that investigated depressed adults
(Foti et al. 2010; Kayser et al. 2000; MacNamara et al. 2016a;
Weinberg et al. 2016) and youth at-risk samples (Kujawa et al.
2012a; Nelson et al. 2015). However, findings in the literature
are contradictory. In a study of Burkhouse et al. (2017), ado-
lescent girls with major depression have been found to exhibit
enhanced LPP responses to fearful, happy, sad and neutral
faces. There may bemethodological differences between stud-
ies that could account for different LPP modulation:
Burkhouse et al. applied face stimuli of 10–17 year-olds
which may have had more relevance to young participants
affecting LPP positivity. Depressed adolescent girls in the
Burkhouse study could have felt differently aroused by faces
of boys of their age than our gender mixed DD group by adult
faces. Enhanced LPPs of adolescent girls were also found to
self-referential words by Auerbach et al. (2015). A cautious
assumption could be that emotional stimuli that link to the
self-esteem of female adolescents with depression result in
particular patterns of neural activation.
Contrary to our expectations, children with depressive dis-
orders did not show a specific pattern in their processing of
sad faces. Our data do not suggest a mood-congruent atten-
tional bias that facilitates processing of sad faces in depressed
subjects (Jaworska et al. 2012a). The topographic maps pre-
sented in the supplemental material give the impression that
the difference between subjects with depression and controls
was smallest for sad faces.
Our groups were defined by diagnoses based on the K-
SADS interview with parents. In order to account also for
the perspective of participants we further conducted analyses
that included self-reported depressive symptoms according to
the CES-DC. Participants with more self-reported depressive
symptoms presented lower LPPs to faces. This replication
across reporters highlights the significance of blunted LPP
responses associated with depression. Previous studies inves-
tigating the LPP in clinical samples obtained diagnoses ac-
cording to self-reports of adolescents (Auerbach et al. 2015;
Burkhouse et al. 2017) or a consensus of interviews with
participants and parents (Kujawa et al. 2015; Speed et al.
2016). Thus, reliability across different reporters builds a
strength of the study at hand addressing the problem of
assessing psychopathology in adolescents. The association
of depressive symptoms with blunted LPPs has also been
found in another study of Kujawa et al. (2015) who investi-
gated a sample of anxious youth. In their study, Kujawa et al.
(2015) found anxiety to increase LPP responses, as did other
groups (MacNamara et al. 2016b; Muhlberger et al. 2009).We
can thus not rule out the possibility, that comorbid anxiety in
13 subjects of the DD group has influenced the LPP data.
However, considering that anxiety would have an opposing
effect on the LPP mean activity, our finding of significantly
reduced LPP to emotional and calm faces associated with
depression would be even more convincing.
We also found a robust effect of emotional modulation in the
LPP. Fearful faces elicited the greatest LPP positivity in our
sample of 11–14 year old youth. Sad and calm faces produced
similar LPPs and the LPP elicited by happy faces was found to
be lowest in our sample. In adults the LPP has been consistently
found to be enhanced for both pleasant and unpleasant stimuli
and faces relative to the neutral category (e.g. Cuthbert et al.
2000; Hajcak and Olvet 2008; Schupp et al. 2004). However
for children some studies have found no difference in the LPP
to pleasant and neutral stimuli (Kujawa et al. 2013a; Nelson
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et al. 2015) while others did (Kujawa et al. 2012b, 2013b;
Solomon et al. 2012). There are hints that gender (Solomon
et al. 2012) or the choice of the time frame (Hajcak and
Dennis 2009) account for these discrepancies. Another possi-
bility is that compared to adults positive faces elicit weaker LPP
in youth. Sad faces have been found to produce more LPP
positivity than neutral faces (Kujawa et al. 2012a, b). It remains
unclear if the use of calm faces in our study or the younger
samples in the studies of the Kujawa group are the reason why
we could not find difference between sad and calm faces. We
had decided to use calm instead of neutral faces, as they were
found to be less likely to be influenced by emotional context
(Herba and Phillips 2004). Normative data on the perception of
the face stimuli applied in this study is presented in Tottenham
et al. (2009). Additionally, in a pilot studywe have presented all
faces to participants again after recording, asking to label the
emotion expressed and found that participants were able to
identify the emotions correctly (Grunewald, unpublished mas-
ters thesis). However, it is possible that with the short presen-
tation times and high cognitive load required by the emotional
Go/NoGo task, calm faces were hard to distinguish from sad
faces and we cannot rule out that rarely interfering emotional
faces affected the way our participants perceived calm faces.
We are also unable to clarify whether this might have affected
the results for sad faces.
Our results suggest modulations in later stages of processing
human faces related to depression that could indicate disen-
gagement from the socio-emotional environment. Faces repre-
sent highly salient stimuli of social interactions and their dys-
functional processing may affect the capacity of adaptive be-
haviour in youth with a depressive disorder and their interpre-
tation of another person’s behaviour. In a previous publication
(Grunewald et al. 2015) we have shown diverging perception
of facial stimuli by means of N170 ERP in youth with a de-
pressive disorder who did not show the typical right-
hemispheric specialisation of healthy controls. Approaches to
prevention and early treatment of depression should consider
perception and interpretation, as well as reaction to emotional
facial information as a crucial aspect of intervention.
Furthermore, the LPP may be applicable in diagnostics, as
studies with samples of children at parental risk for depression
indicate that blunted LPP responses may precede the onset of a
depressive disorder (Kujawa et al. 2012a; Nelson et al. 2015).
Further, it has been shown that the LPP discriminates depressed
individuals with early onset depression from those whose de-
pression begins in adulthood (Weinberg et al. 2016). However,
from cross-sectional studies it is not possible to clarify, whether
blunted LPP reactivity may be a risk factor for a depressive
disorder or may develop as a consequence of depressive mood.
A limitation of our study is that five subjects in the DD
group were receiving pharmacological treatment at the time of
the EEG recording, which could have influenced the LPP,
though it is unlikely that this very small number of subjects
could have had such a remarkable influence. Selective
Serotonin Reuptake Inhibitors (SSRI) have been found to en-
hance the LPP to sad faces (Labuschagne et al. 2010) but did
not show effects on the LPP in other studies (Jaworska et al.
2012b; Kerestes et al. 2009). A methodological limitation is
the use of average reference on the ERP data, that could have
attenuated the LPP as shown by Hajcak and colleagues
(2012). However the mentioned study shows that this effect
is especially relevant for later LPP stages after 1500 ms.
Within the investigated interval of 400–1500 ms the average
reference has been shown to be sensitive to LPP differences.
Future studies should strive to find out more about
disorder-specific LPP responses, examining groups of pure
and comorbid depressive disorders and anxiety. Longitudinal
studies are necessary to shed more light on the course of the
LPP throughout development and disentangle the potential
role as a vulnerability versus a disease factor for depressive
and other psychiatric disorders. Through this, they could pro-
vide valuable information for early prevention, diagnostic and
treatment possibilities for children and adolescents. Moreover,
it would be interesting to investigate neural activity within
large time intervals using data-driven approaches like princi-
pal components analysis (PCA) that is able to identify over-
lapping components over temporal-spatial dimensions.
Conclusion
Attenuated LPP to faces in youth with a depressive disorder
compared to healthy controls suggest dysfunctional modula-
tions in later stages of socio-emotional processing associated
with depression across reporters. These findings support pre-
vious work, discussing blunted LPP responses as a potential
vulnerability marker or endophenotype for depressive disor-
ders. However prospective studies are required to clarify
whether attenuated LPPs represent antecedents or correlates
of the disorder.
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Abstract In this study, we investigated the relation
between global and domain-specific self-esteem and psy-
chiatric disorders. A sample of 577 children aged
8–14 years was recruited via psychiatric hospitals and from
the general population. Parents were given a diagnostic
interview to assess children’s psychiatric diagnoses (cur-
rent/past). Parents and children completed questionnaires
on child symptoms. Children completed a questionnaire on
global and domain-specific self-esteem (scales: scholastic
competence, social acceptance, athletic performance and
physical appearance, global self-esteem). Self-esteem of
children with current psychiatric disorders was lower than
that of healthy controls (g p
2 between 0.01 and 0.08). Con-
cerning scholastic competence, social acceptance and glo-
bal self-esteem, children with past psychiatric disorders
scored also lower than healthy controls. Different current
psychiatric disorders showed specific but small effects on
dimensions of self-esteem (b between -0.08 and 0.19).
Moreover, we found a gender 9 group interaction, indi-
cating that girls with depressive and adjustment disorders
were specifically impaired in their global self-esteem and
perception of their physical appearance. Findings might
help clinicians to focus on particular domains of self-
esteem during the diagnostic process and to define ade-
quate treatment goals.
Keywords Domain-specific self-esteem ! Psychiatric
disorders ! Gender ! Children ! Adolescents
Introduction
Self-esteem is relevant to a number of important personal
and social life outcomes. Studies have shown that high self-
esteem is associated with psychosocial well-being across
the life span [1–3], whereas low self-esteem is related to
various physical and mental health problems and psychi-
atric disorders [4–6].
Following recent definitions, self-esteem represents the
affective, or evaluative, component of the self-concept. It
signifies how people feel about themselves and is defined
as ‘‘a person’s appraisal of his or her value’’ [7].
In the literature it is debated whether self-esteem is best
characterized as a person’s global evaluation of his or her
overall value (‘‘global self-esteem’’, [8]), or whether self-
esteem varies by different domains of competence [1, 9].
The latter multidimensional approach takes into account
the fact that children make many important, evaluative
distinctions about their competence or adequacy in the
various domains of their lives (e.g. intellectual abilities,
physical appearance, and social competence) [10].
According to Harter [10], p. 2), global and domain-specific
evaluation of self-esteem ‘‘can happily coexist’’. For James
(1892, in [10], p. 13), domains that individuals perceive as
being important were best predictors of their global self-
esteem. However, many researchers believe that global
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In the present study, we were interested in the relation
between global and domain-specific self-esteem and dif-
ferent psychiatric disorders in pre- and early adolescents.
We assessed children’s domain-specific self-perception in
the domains of scholastic competence, social acceptance,
athletic competence and physical appearance, in order to
cover a broad range of areas in their lives relevant to them
in this age group as well as in the face of different psy-
chiatric disorders affecting different areas of children’s
lives in a range of ways. So far, most studies in this field
have used global measures of self-esteem [12]. However,
the findings of studies using domain-specific self-esteem
measures underscore the importance of considering a
multidimensional approach to self-esteem, which can
deliver clinically relevant information about self-percep-
tions of deficits in developmentally significant areas (e.g.,
[13, 14]).
Self-Esteem in Children and Adolescents
with Psychiatric Disorders
Low self-esteem has been found to be related to psychiatric
disorders and symptoms in children and adolescents [5, 15,
16] and in adults [6, 17, 18]. The relation between self-
esteem and depression is an especially well-studied topic as
many theories of depression posit that self-esteem plays a
central role in the etiology of depressive disorders (e.g.,
[19]) and a decrease in self-esteem is one of the distinctive
symptoms of depression [20]. Correspondingly, several
studies have reported a strong association between low
global self-esteem and depression among children and
adolescents in community, clinical and high-risk samples
[21–24]. In a study by King et al. [13], which considered
both global self-esteem and domain-specific self-percep-
tions, global self-esteem differentiated depressed inpatients
from comparison adolescents, while domain-specific self-
perceptions failed to do so. Instead, domain-specific per-
ceptions such as peer popularity and physical attractiveness
were associated with depression severity in depressed
inpatients. Harter [25] also found negative associations
between ratings of appearance and social acceptance and
depression in adolescents. Moreover, a recently published
longitudinal study by Steiger et al. [14] indicated the pre-
dictive value of both global and domain-specific self-es-
teem. Their results showed that individuals who entered
adolescence with low self-esteem and/or whose self-esteem
declined further during adolescence were more likely to
exhibit symptoms of depression two decades later as adults.
This pattern held for both global self-esteem and the two
assessed domains of self-esteem, academic competence
and physical attractiveness.
The relation between self-esteem and anxiety is less well
studied [24]. Existing studies found associations between
low global self-esteem and anxiety [14, 24]. In a major
population-based Norwegian study the association between
anxiety/depression symptoms and low self-esteem was
greater for adolescent boys than for adolescent girls [26].
Focusing on domain-specific self-esteem, Ekornas et al.
[27] found that 8–11-year-old anxious children perceived
themselves as being less accepted by peers and less com-
petent in physical activities compared to healthy control
children. Socially anxious children and adolescents were
also found to have a lower self-perceived social acceptance
[28, 29]. Moreover, a negative correlation between symp-
toms of social phobia and self-perceived athletic compe-
tence has been found [30]. In their study of domain-specific
self-esteem in child psychiatric patients, Sukumaran et al.
[5] found the strongest differences in self-esteem between
boys with internalizing disorders (depression/anxiety) and
boys from the community sample (no analyses of girls
were performed due to small sample sizes). Eight- to
15-year-old boys with internalizing disorders had lower
scholastic and athletic self-esteem than boys from the
community sample. In addition, 12–15 year old boys with
internalizing disorders also had decreased social and global
self-esteem scores.
In contrast to children with depression and anxiety,
many children with attention deficit hyperactivity disorder
(ADHD) are known to report ‘‘positive illusory’’ self-per-
ceptions that are positively biased relative to external cri-
teria for evaluating competence [31], especially in domains
of greatest deficit [32]. In contrast to this, other results
indicate poorer global self-esteem related to ADHD [33,
34].
Studies of disruptive disorders also gave inconsistent
results. Some studies suggested a link between low global
self-esteem and antisocial behavior [35, 36], while others
failed to find a relation between low self-esteem and anti-
social behavior [15, 37]. The results of Haas et al. [36]
showed that children with conduct problems and ADHD
and callous-unemotional traits had lower global and
domain-specific (social acceptance, athletic competence,
physical appearance) self-esteem, but their perceived
competence with regard to behavior conduct–arguably the
area most in need of treatment–was equal to or slightly
higher than of typically developing controls. The latter
indicates on the threatened egoism theory of Baumeister
et al. [38] who suggested that high narcissism is a better
predictor of aggression than low self-esteem. However, the
results of a study by Donnellan et al. [35] support the
notion that self-esteem and narcissism have independent
effects on externalizing problems.
So far, only a small number of studies have investigated
domain-specific self–esteem in preadolescents with differ-
ent psychiatric disorders. In addition, most studies focused
on single disorders, not taking into account comorbidity.




However, the latter is important as several epidemiological
studies have reported high rates of psychiatric comorbidity
in children and adolescents, and it has been shown that
comorbidity influences the outcome of the disorder and
treatment response [39]. In the present study we thus
investigated whether global and domain-specific self-es-
teem measures differ between children with psychiatric
disorders and healthy controls in a sample of pre- and early
adolescents (8–14 years old). We allowed for comorbidity
by analyzing different psychiatric disorders as predictors
together in our multivariate analyses, to understand the
partial and cumulative impact of different psychiatric dis-
orders on preadolescents’ self-esteem.
The Role of Age and Gender in Self-Esteem
Within the fields of developmental and educational psy-
chology theorists argue that self-evaluative judgments
change with development. As cognitive abilities advance,
children increasingly base their self-evaluations upon
external feedback and social comparisons and form more
realistic judgments of their competence and abilities [40].
This may lead to a decrease in self-esteem during middle
childhood [40–42]. Another decline is suggested at early
adolescence (ages 11–13) followed by gradually increasing
evaluations of self-esteem and domain-specific compe-
tences over the course of adolescence [40]. Vulnerable
children, however, were shown to be at elevated risk for
experiencing greater declines in self-concept over the
course of adolescence [14, 43]. Ferro and Boyle [43], for
example, found a more precipitous decline of global self-
esteem over time in adolescents with chronic illness instead
of the known rebound of self-esteem in late adolescence.
Self-esteem was also found to differ according to gender.
Higher scores in different domains of self-esteem have
been found for male children and adolescents [41, 42, 44]
and male adults [14, 45–47]. Despite solid knowledge of
gender effects in self-esteem, little is known about gender
differences in the self-esteem of preadolescents with psy-
chiatric disorders.
Aims of the Current Study
In this study we aimed to investigate whether global self-
esteem as well as domain-specific self-esteem measures
differ between children with psychiatric disorders and
healthy controls in a sample of pre- and early adolescents
(8–14 years old). We distinguished between children with
current psychiatric disorders and children with past psy-
chiatric disorders to analyze whether self-esteem was
impaired not only in children with current disorders but
also in those with remitted disorders. Following the scar
model of depression, which proposes that episodes of
depression may leave permanent scars on the self-concept
of the individual [48, 49], we assume that experience of
other psychiatric problems might also leave scars on the
self-concept that persistently threaten and reduce self-es-
teem. Therefore, we expected lower self-esteem measures
in children with current and past psychiatric disorders than
in healthy children.
Furthermore, we analyzed whether different current
psychiatric disorders predict children’s global and domain-
specific self-esteem. We expected a significantly negative
association between current psychiatric disorders and self-
perception of competence in domains of disorder-specific
impairment as well as those of particular developmental
significance. Specifically, we expected a negative associa-
tion of depressive disorders with global self-esteem, as well
as with all domain-specific measures (scholastic compe-
tence, social acceptance, athletic performance and physical
appearance), as all of these domains reflect developmental
challenges in pre- and early adolescence (e.g., [13, 14]).
We further expected a significantly negative association
between anxiety disorders and global self-esteem [24] and,
as indicated by Ekornas et al. [27], with measures of social
acceptance and athletic competence. Due to the inconsis-
tent study results in the literature on self-esteem in children
with ADHD and disruptive disorders we did not formulate
specific hypotheses for these disorders.
Finally, we explored gender-specific effects of different
current psychiatric disorders on children’s global and
domain-specific self-esteem. We controlled for the age of
the children because we expected the risk of psychiatric
morbidity to increase and self-esteem to decrease with age.
Socioeconomic status was also included as control variable
because of consistent evidence for associations between
socioeconomic status and self-esteem [46].
Method
Participants
The study was conducted in an urban area in the eastern
part of Germany with a population of 1 million. We
recruited a community sample (n = 382) by drawing
subjects from the local registration office (n = 273) and
from a children’s health check research program at our
medical faculty (n = 109, LIFE CHILD Health [50]). In
order to include children with a wide variety of psychiatric
disorders, we additionally recruited a clinical sample
(n = 278) from two local child psychiatric in- and outpa-
tient services (Department of Child and Adolescent Psy-
chiatry, Psychotherapy and Psychosomatics, University
Leipzig and Helios Park-Klinikum Leipzig). Inclusion
criteria were age 8–14 years and fluency in German.




Exclusion criteria were an IQ\ 80 and a diagnosis of
autism or current psychotic disorder. The study protocol
was approved by the Ethics Committee of the University of
Leipzig and written informed consent was obtained from
the parents.
Only families with complete data sets in the measures
used were included in the analyses. A total of 660 subjects
were enrolled between October 2010 and May 2014.
Usually the biological or social mother (85 %) participated
in the study. Other informants were the biological or social
father (7.9 %), the grandmother (1.1 %) and others (5.3 %;
e.g. both parents). As the aim of the study was to compare
children with psychiatric disorders with children without
psychiatric disorders and subclinical symptoms, we
excluded from the analyses 83 children without psychiatric
disorders but with borderline/abnormal total difficulties
scores according to either parent or child ratings in the
Strengths and Difficulties Questionnaire (SDQ; total score
parent C16, child C14; Goodman [57]). 268 (46.4 %)
children showed at least one current psychiatric disorder
(group psych present); 118 (20.5 %) children showed only
past psychiatric disorders (group psych past); and 191
children showed no psychiatric disorders and had a total
difficulties scores (SDQ) within the normal range accord-
ing to both parent and child rating (group healthy).
Table 1 shows sociodemographic characteristics such as
age, gender, and families’ socioeconomic status for chil-
dren with current and past psychiatric disorders, and
healthy controls. We found significant age differences
between diagnostic groups (F (2, 573) = 4.84, p= 0.008,
gp
2 = 0.02), with children with past psychiatric disorders
being significantly older than healthy control children (post
hoc test (Games-Howell) group past vs. healthy:
p= 0.006. We also found significant gender differences
between diagnostic groups (v2(2) = 14.45, p\ 0.001,
Cramer’s V = 0.16). Compared to the groups of children
with current and past psychiatric disorders, more girls
(z = 2.0, p\ 0.05) and less boys (z = -2.0, p\ 0.05)
were found in the group of healthy controls. To measure
the socioeconomic status (ses) we used a multidimensional
index score [51]. The score is the sum of three components:
Education and occupational qualification, occupational
status and net income. According to cut-offs presented by
the KiGGS study group [51], the ses was divided into three
categories: low, intermediate and high. The highest score
among the two parents was used as index for the socioe-
conomic status of a family. The socioeconomic status of
families differed significantly between diagnostic groups
(v2(4) = 69.09, p\ 0.001, Cramer’s V = 0.25). A smaller
number of families with a high ses (z = -3.6, p\ 0.01)
and a higher number of families with a low ses (z = 4.7,
p\ 0.01) were found in the group of children with current
psychiatric disorders. In contrast, in the healthy control
group, the number of families with a high ses was higher
(z = 3.1, p\ 0.01) and the number of families with a low
ses was lower (z = -3.8, p\ 0.01). Moreover, a lower
number of families with a low ses was found in the group
of children with past psychiatric disorders (z = -2.5,
pB 0.05).
Procedure
We invited parents and children to one 2–3 h visit into our
research center. First, parents completed several question-
naires on child symptoms and sociodemographic charac-
teristics. Then, trained undergraduate and graduate
Table 1 Sociodemographic
characteristics by diagnostic
group (n = 577) and, in detail,
of children with current












Psych present 11.40 (1.87) 159 (53.9) 109 (40.7) 104(40.1) 124 (47.9) 31 (12.0)
Psych past 11.73 (1.81) 60 (50.8) 58 (49.2) 16 (14.2) 63 (56.3) 33 (29.5)
Healthy 11.05 (1.99) 79 (41.4) 112 (58.6) 20 (11.0) 100 (55.3) 61 (33.7)
Current psychiatric disorders
Depr 12.12 (1.94) 26 (54.2) 22 (45.8) 18 (39.1) 26 (56.5) 2 (4.3)
Anx 11.35 (2.01) 62 (55.4) 50 (44.6) 42 (38.9) 54 (50.0) 12 (11.1)
Adhd 11.10 (1.78) 69 (80.2) 17 (19.8) 38 (45.8) 37 (44.6) 8 (9.6)
Disrupt 11.22 (1.82) 68 (73.1) 25 (26.9) 46 (51.7) 38 (42.7) 5 (5.6)
Adjust 11.45 (1.88) 21 (45.7) 25 (54.3) 18 (40.9) 24 (54.5) 2 (4.5)
Socioeconomic status (ses), intermediate socioeconomic status (med), current psychiatric disorders (psych
present), past psychiatric disorders (psych past), healthy control group (healthy); depressive disorder (depr),
anxiety disorder (anx), attention deficit hyperactivity disorder (adhd), disruptive disorder (disrupt) and
adjustment disorder (adjust)
a Not answered: psych present and past: n= 14 (3.6 %); healthy: n= 9 (4.7 %)




psychologists, residents in training for child and adolescent
psychiatry and child psychiatrists conducted a diagnostic
interview with at least one parent (or legal guardian) to
obtain categorical diagnoses of the child. At the same time
but in a separate room, children completed an IQ test and
answered questionnaires on symptoms and on their self-
esteem.
Measures
Categorical Assessment of Psychiatric Disorders
The German Version of the Schedule for Depressive
Disorders and Schizophrenia for School-Age Children (K-
SADS-PL; [52], K-SADS-PL 2009 Working Draft [53];
German version [54] was conducted with parents. The
K-SADS-PL is an internationally well-known and widely
used semi-structured diagnostic interview to assess current
and lifetime psychopathology in children and adolescents
according to DSM-IV-TR [20, 55] and ICD-10 [56]. In
order to rate current disorders, symptoms had to be most
severe during the time period of the study. In order to rate
past disorders, the child must have had a minimum of
2 months free from the symptoms associated with the
disorder. Episodes rated in the past disorders section rep-
resent the most severe past episode experienced of that
disorder. The inter-rater reliability (n = 58 interviews
(10 %) were double rated) was on a substantial level with
Kappa = 0.74.
Dimensional Assessment of Symptoms
Parents and children completed the German Version of the
Strengths and Difficulties Questionnaire (SDQ; [57]; Ger-
man Version: [58]). Children’s symptoms during the pre-
ceding 6 months were assessed on four scales: emotional
symptoms, conduct problems, hyperactivity/inattention and
peer problems. Each scale consists of five items that are rated
on a 3-point scale. The total difficulties score (sum score of
all four scales; Cronbach’s a parent = 0.90; child = 0.80)
was used, in addition to the information from the diagnostic
interview (no psychiatric diagnosis), to form the healthy
group (total difficulties score parent\16, child\14).
Self-Esteem
Children completed the German Version of Harter’s Self-
Perception Profile for Children (SPPC) to assess their global
and domain-specific self-esteem [9]. This inventory contains
30 items measuring four domains of self-esteem: scholastic
competence (e.g. ‘‘Good at school work’’), social acceptance
(e.g. ‘‘Easy to make friends’’), athletic competence (e.g.
‘‘Does well at sports’’) and physical appearance (e.g. ‘‘Likes
body the way it is’’) and children’s global self-esteem (e.g.
‘‘Happywith oneself as a person’’). Each self-esteem domain
was measured using six items. The Global self-esteem score
is a separate measure and not the sum of the other subscales.
The measure is based on the principle that children evaluate
their self-esteem through comparison of themselves with
others. First, children were asked whether they are like some
children who are good at a particular activity or like others
who are not. Then children indicate whether the chosen
statement is ‘‘really like me’’ or ‘‘sort of like me.’’ Items are
scored on 4-point rating scales (high scores reflecting greater
self-esteem). Factor-analytic results on all SPPC items
confirmed the designated subscales of the SPPC [10]. In this
study, internal consistency of all subscales was high
(Cronbach’s a = 0.80 to 0.86). All subscales were signifi-
cantly positive intercorrelated (r = 0.27 (Scholastic/Ath-
letic)—0.43 (Social/Global self), Appear/Global self:
r = 0.70, all p\ 0.001).
General Intelligence (IQ)
Children completed the Culture Fair Intelligence Test—
revised version (CFT-20-R, [59]), a non-verbal test to
measure general intelligence. The short form consists of
four parts (continuing series, classification, matrices and
topologic reasoning) and takes about 30 min. IQ scores
were obtained to ensure that subjects were able to under-
stand the questions of the instruments applied.
Statistical Analyses
To analyze data we used the statistical software IBM SPSS
Statistics 22.
For descriptive analyses (see Method section, Partici-
pants), differences concerning age, gender and socioeco-
nomic status between the three diagnostic groups were
analyzed using ANOVA (age) and Pearson’s Chi square
test (gender, SES). To analyze bivariate associations of age
with subscales of self-esteem, we computed Pearson cor-
relation coefficients (r). To analyze gender differences
concerning self-esteem scores a MANOVA was computed.
In order to test our first research hypothesis, we compared
mean scale scores of self-esteem between the three diag-
nostic groups (psych present, psych past and healthy)
controlling for age, gender and socioeconomic status by
computing a MANCOVA. In order to answer our second
research question (whether specific current psychiatric
disorders predict children’s self-esteem over and above
age, gender, and socioeconomic status) and the associated
disorder-specific hypotheses, we computed multiple
regression analyses. Subscales of the self-esteem measure
acted as dependent variables in separate models. Comor-
bidity of disorders was taken into account by including the




most frequent current disorder groups (depressive disorder
(depr), anxiety disorder (anx), attention deficit hyperac-
tivity disorder (adhd), disruptive disorder (disrupt) and
adjustment disorder (adjust)) as dichotomized (present/ab-
sent) independent variables within each model. Thus, dif-
ferent psychiatric disorders were analyzed as main effects
in each model. Age, gender, and socioeconomic status were
included as control variables. In order to test whether
significant effects of different psychiatric disorders on
domains of self-esteem were additive we added post hoc
analyses using stepwise regression analyses. Finally, we
analyzed gender-specific effects of different psychiatric
disorders on self-esteem by including disorder 9 gender
interaction terms into the above-mentioned regression
analyses (third research question). Components of the
interaction term (psychiatric disorders (depr, anx, adhd,
disrupt, adjust) and gender) were dichotomous variables
and were therefore centered around zero, to reduce
collinearity and facilitate the interpretation of interactions
[60, 61]. Significance was set at p B 0.05. In case of post
hoc tests we used Games-Howell procedure. As measures
of effect size we used partial eta- squared (gp
2) in ANOVAs
and Cramer’s V in Chi square tests.
Results
Frequency and Comorbidity of Psychiatric
Disorders in Our Sample
Table 2 shows frequencies of current and past psychiatric
disorders in our sample. Depressive disorders, anxiety
disorders, attention deficit hyperactivity disorder, disrup-
tive disorder (oppositional defiant disorder (ODD)/conduct
disorder) and adjustment disorder were the most frequent
current diagnostic groups (see Table 1 for sociodemo-
graphic characteristics).
One hundred and forty children (24.3 %) showed a
single current diagnosis, 84 (14.6 %) children showed two
current diagnoses and 44 (7.5 %) children showed 3–5
comorbid current diagnoses. Co-occurrence of disruptive
disorders with ADHD was most prevalent (N = 28, 7.3 %
of children with psychiatric disorders in our sample). Fol-
lowed by the co-occurence of anxiety disorder and dis-
ruptive disorder (N = 23 children; 6.4 % of children with
psychiatric disorders in our sample) and anxiety disorder
and ADHD (N = 17 children; 4.6 % of children with
psychiatric disorders in our sample). Depressive disorders
also often co-occurred with other disorders: co-occurrence
between depressive and anxiety disorder was found in
N = 17 children (4.6 % of children with psychiatric dis-
orders in our sample), depressive and disruptive disorder
were found in N = 11 children (3 % of children with
psychiatric disorders in our sample). N = 10 children
showed depressive disorders and ADHD (2.7 % of children
with psychiatric disorders in our sample).
Effects of Age and Gender on Self-Esteem
Age was significantly negatively correlated with scholastic
competence (r = -0.15, p\ 0.001), athletic competence
(r = -0.20, p\ 0.001), physical appearance (r = -0.31,
p\ 0.001) and global self-esteem (r = -0.26, p\ 0.001).
However, correlation coefficients were predominantly
small. The subscale social acceptance was not significantly
correlated with age (r = -0.00, p = 0.959).
To analyze gender differences a MANOVA was com-
puted (see Table 3 for means/standard deviations). Multi-
variate results showed a significant effect of gender on self-
esteem measures (Wilks-Lambda = 0.93, p\ 0.001,
gp
2 = 0.07). According to the univariate results, this sig-
nificant effect was due to athletic competence, physical
appearance and global self-esteem, which were rated
higher in boys than in girls. No gender differences were
found for scholastic competence or social acceptance.
Association Between Psychiatric Diagnosis
and Children’s Self-Esteem
In order to test our first main research hypothesis, we
compared mean scale scores of self-esteem between the
three diagnostic groups (psych present, psych past and
healthy) by computing a MANCOVA. Multivariate results
Table 2 Frequencies of current and past psychiatric disorders (%
within total sample n = 577)
Psychiatric group Current Past
n (%) n (%)
Psychiatric disorder present/absent 268 (46.4) 118 (20.5)
Depressive disorder 48 (8.3) 17 (2.9)
Anxiety disorder 112 (19.4) 42 (7.3)
Psychotic disorder 0 (0) 1 (0.2)
Attention deficit hyperactivity disorder 86 (14.9) 2 (0.3)
Disruptive disorder 93 (16.1) 16 (2.8)
Adjustment disordera 46 (8) 96 (16.6)
Posttraumatic stress disorder 5 (0.9) 8 (1.4)
Elimination disorders 27 (4.7) 73 (12.7)
Substance-related/addictive disorders 3 (0.5) 0 (0)
Tic disorder 28 (4.9) 31 (5.4)
Eating disorder 6 (1.0) 0 (0)
a with depressed mood, anxiety: n = 24 current/n = 51 past; with
disturbance of conduct n = 4 current/n = 9 past; with mixed distur-
bance of emotions and conduct n = 19 current/n = 42 past; 5 chil-
dren had two current adjustment disorders, 6 children had two past
adjustment disorders




showed a significant effect for diagnostic group on self-
esteem measures (Wilks-Lambda = 0.88, p\ 0.001,
gp
2 = 0.06). According to the univariate results the signif-
icant effect was due to all self-esteem subscales (see
Fig. 1). Post hoc tests (Games-Howell) indicated that for
scholastic and social competence as well as for global self-
esteem, the healthy group showed significantly higher
scores than both the psych past and psych present group,
whereas there was no significant difference between psych
past and psych present. For athletic competence and
appearance, only psych present differed significantly from
the healthy group.
Specific Associations Between Current Psychiatric
Disorders and Children’s Self-Esteem
In order to answer our second research question (whether
specific current psychiatric disorders predict children’s
self-esteem over and above age, gender, and socioeco-
nomic status), we computed multiple regression analyses
(see Table 4 for means and standard deviations and
Table 5 for multiple regression analyses).
We found significant effects of adhd and adjustment
disorders on scholastic competence, with a slightly stronger
but still small beta for adhd. We found significant effects of
anxiety disorders and adhd on social acceptance, with a
slightly higher beta for anxiety disorders. We found a
significant effect for anxiety disorders on athletic compe-
tence and significant effects of depressive disorders, anxi-
ety disorders and adhd on physical appearance. Of these,
anxiety disorders had the highest beta. Finally, we found
significant effects of depressive disorders and adhd on
global self-esteem, with a higher beta for depressive dis-
orders. No significant effects on subscales of self-esteem
were found for disruptive disorders. To test whether sig-
nificant effects of different psychiatric disorders on
domains of self-esteem were additive we added post hoc
analyses using stepwise regression analyses. In a first step,
we included control variables, non-significant disorder
groups and one of the significant disorder groups, followed
by the inclusion of further significant disorder groups in
subsequent separate steps. All model changes tested were
significant, indicating an additive effect of each of the
predicting disorders on domains of self-esteem (scholastic
competence: model adhd (R2 = 0.13, p = 0.001) versus
model adhd ? adjust (DR2 = 0.01, p = 0.048); social
acceptance: model anx (R2 = 0.08, p = 0.001) versus
model anx ? adhd (DR2 = 0.02, p = 0.001); physical
appearance: model depr (R2 = 0.20, p = 0.001) versus
model depr ? anx (DR2 = 0.02, p = 0.001) versus model
depr ? anx ? adhd (DR2 = 0.01, p = 0.009); global self-
esteem: model depr (R2 = 0.15, p = 0.000) versus model
depr ? adhd (DR2 = 0.01, p = 0.007) .
In addition, except for social acceptance, the results
showed significant main effects of age on different sub-
scales of self-esteem (lower scores in older children).
Gender turned out to be predictive for athletic competence,
physical appearance, and global self-esteem (higher scores
Table 3 Self-esteem scores by
gender
Boys Girls Test statistica
M (SD) M (SD)
Scholastic competence 16.18 (4.50) 15.79 (4.33) F(1,544) = 2.85b, gp
2 = 0.01
Social acceptance 17.88 (4.49) 18.00 (4.25) F (1,544) = 0.03, gp
2 = 0.00
Athletic competence 18.07 (4.16) 16.37 (4.47) F (1,544) = 22.98**, gp
2 = 0.04
Physical appearance 19.19 (3.91) 16.90 (5.29) F(1,544) = 30.31**, gp
2 = 0.05
Global self-esteem 19.53 (3.58) 18.60 (4.42) F(1,575) = 9.24**, gp
2 = 0.02
M mean, SD standard deviation
a Test statistics of univariate ANOVAs; F values (F); effect sizes (gp
2)
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Fig. 1 Self-esteem scores (means) of children by diagnostic group.
Note Current psychiatric disorders (psych present), past psychiatric
disorders (psych past), healthy control group (healthy); F-values
(F) and effect sizes (gp
2) of ANOVAS: scholastic competence
(scholast) F(2, 535) = 7.99, p\ 0.001, gp2 = 0.03; social acceptance
(social) F(2, 535) = 23.33, p[ 0.001, gp2 = 0.08; athletic compe-
tence (athletic) F(2, 535) = 3.25, p = 0.039, gp
2 = 0.01, physical
appearance (appear) F(2, 535) = 12.51, p\ 0.001, gp2 = 0.05, global
self-esteem (glob self) F(2, 535) = 23.29, p\ 0.001, gp2 = 0.08;
**p\ 0.01; *p\ 0.05 (post hoc test with Games-Howell procedure)




in boys). The effect of the socioeconomic status reached
significance for children’s ratings of all subscales of self-
esteem except for their rating of global self-esteem. Chil-
dren of families with a high socioeconomic status showed
highest self-esteem scores.
Gender-Specific Associations Between Current
Psychiatric Disorders and Children’s Self-Esteem
Finally, we analyzed gender-specific effects of different
psychiatric disorders on self-esteem by adding disor-
der 9 gender interaction terms for all disorders into the
above-mentioned regression analyses (third research ques-
tion). The main effects of predictors in all regression anal-
yses remained the same after inclusion of the interaction
terms. When predicting physical appearance we found sig-
nificant interaction effects of depressive disorder and gender
(b = -0.18, p= 0.010) and adjustment disorder and gen-
der (b = -0.17,p= 0.016). Figure 2a/b show that physical
appearance was rated lowest by girls with depressive and
adjustment disorder compared to girls without these disor-
ders and boys with and without these disorders. The
explained variance in this model (R2 = 0.26, DR2 = 0.030,
p= 0.001) was slightly higher than in the model without
gender interaction effects (R2 = 0.23).
When predicting global self-esteem we also found sig-
nificant interaction effects of depressive disorder and
gender (b = -0.21, p= 0.003) and adjustment disorder
and gender (b = -0.19, p= 0.009). Figure 3a/b show that
global self-esteem was lowest in girls with depressive and
adjustment disorders compared to girls without these dis-
orders and boys with and without these disorders. The
explained variance in this model (R2 = 0.20, DR2 = 0.030,
p= 0.002) was slightly higher than in the model without
gender interaction effects (R2 = 0.17).
Disorder 9 gender interaction terms were not signifi-
cant for scholastic competence, peer acceptance, or athletic
competence.
Table 4 Self-esteem scores of
children with current psychiatric
disorders
Scholast Social Athletic Appear Glob self
M (SD) M (SD) M (SD) M (SD) M (SD)
Depr 15.27 (4.51) 16.98 (4.65) 16.41 (4.33) 15.64 (5.69) 16.23 (5.08)
Anx 15.41 (4.33) 15.90 (4.83) 16.23 (4.11) 16.44 (5.10) 18.13 (4.63)
Adhd 14.09 (4.24) 15.84 (5.03) 16.95 (4.50) 17.35 (4.54) 18.00 (4.18)
Disrupt 14.99 (4.77) 16.68 (4.99) 17.14 (4.26) 18.06 (4.42) 18.20 (4.40)
Adjust 13.78 (5.18) 16.31 (4.44) 17.04 (4.91) 16.33 (5.65) 17.65 (5.16)
Depressive disorder (depr), anxiety disorder (anx), attention deficit-hyperactivity disorder (adhd), disrup-
tive disorder (disrupt) and adjustment disorder (adjust), scholastic competence (scholastic), social accep-
tance (social), athletic competence (athletic), physical appearance (appear), global self-esteem (global self)
M mean, SD standard deviation
Table 5 Multiple regression analyses on the association of different psychiatric disorders with self-esteem scores
Scholast Social Athletic Appear Glob self
b SE B p b SE B p b SE B p b SE B p b SE B p
Constant 1.28 0.000 1.29 0.000 1.30 0.000 1.31 0.000 1.11 0.000
Age -0.17 0.10 0.000 -0.04 0.10 0.371 -0.16 0.10 0.000 -0.30 0.10 0.000 -0.25 0.08 0.000
Gender -0.10 0.37 0.025 -0.04 0.38 0.338 -0.22 0.38 0.000 -0.27 0.38 0.000 -0.15 0.33 0.000
Ses intermediate 0.13 0.46 0.017 0.08 0.47 0.142 0.11 0.47 0.041 0.16 0.47 0.002 0.03 0.40 0.594
Ses high 0.30 0.57 0.000 0.17 0.57 0.003 0.17 0.58 0.003 0.16 0.58 0.002 0.09 0.49 0.065
Depressive disorder 0.02 0.68 0.626 -0.02 0.68 0.721 0.00 0.69 0.982 -0.09 0.69 0.030 -0.17 0.58 0.000
Anxiety disorder -0.01 0.48 0.764 -0.19 0.48 0.000 -0.10 0.49 0.028 -0.14 0.49 0.000 -0.08 0.41 0.052
ADHD -0.16 0.60 0.001 -0.16 0.60 0.001 -0.06 0.61 0.253 -0.12 0.61 0.009 -0.12 0.51 0.007
Disruptive disorder 0.02 0.59 0.606 0.03 0.60 0.535 0.03 0.61 0.526 0.07 0.61 0.108 -0.05 0.50 0.302
Adjustment disorder -0.08 0.67 0.048 -0.06 0.68 0.189 0.02 0.68 0.646 -0.06 0.69 0.128 -0.04 0.59 0.289
Socioeconomic status (ses), dummy coded; standardized beta values (b), standard errors of B (SE B), and significance values (p); attention
deficit-hyperactivity disorder (adhd); scholastic competence (scholast): R2 = 0.14; social acceptance (social): R2 = 0.10; athletic competence
(athletic): R2 = 0.10; physical appearance (appear): R2 = 0.23; global self-esteem (glob self): R2 = 0.17; all p\ 0.01





In this study, we investigated the relation between global
and domain-specific self-esteem and psychiatric disorders.
In line with our hypothesis and previous studies [5, 15, 16]
we found that children with current psychiatric disorders
reported lower self-esteem in all domains compared to
healthy controls. Children with past psychiatric disorders
still reported impaired self-esteem scores in some domains,
such as scholastic competence, social acceptance and glo-
bal self-esteem. These findings might indicate that
impaired self-esteem persists beyond the remission of a
psychiatric disorder. In general, our cross-sectional results
raise the question of why and how low self-esteem is
related to psychiatric disorders. Psychiatric disorders could
have led to low self-esteem, but it could also be that
children with lower self-esteem were more likely to
develop psychiatric disorders, pointing to a risk factor for
psychopathology [62]. For depressive disorders two models
have been proposed [24]. The vulnerability model con-
siders low self-esteem as a causal risk factor for the
development of depression [19]. This consideration is
supported by research suggesting that low perceived self-
competence predicts later depression [12]. Alternatively,
the scar model proposes low self-esteem as a consequence
rather than a cause of depression, because the experience of
depression may leave permanent scars on the self-concept
of the individual [63]. Our results on the impairments of
self-esteem in children with past disorders might be in line
with the scar model. In their meta-analysis of longitudinal
studies, however, Sowislo & Orth [24] found that the
vulnerability effect was twice as large as the scar effect.
Specifically, our results showed that different psychi-
atric disorders had specific effects on specific areas of self-
esteem over and above the effects of age, gender and
socioeconomic status. Thus, they support the relevance of
Fig. 2 Interaction effect of
depressive disorder 9 gender
and adjustment
disorder 9 gender on physical
appearance
Fig. 3 Interaction effect of depressive disorder 9 gender and adjustment disorder 9 gender on global self-esteem




domain-specificity of self-esteem [10]. Children with
adjustment disorders rated themselves lower on scholastic
competence. Children with depressive disorders were
affected in their global self-esteem and evaluation of their
physical appearance, and children with anxiety disorders
rated themselves lower on the domains social acceptance,
athletic competence and physical appearance. These latter
findings are partly in line with our hypotheses and with
previous studies on children with depressive disorders
(e.g., [13, 23]) and anxiety disorders [27–30]. Accepting
physical appearance is one of the main tasks of adolescence
[64]. In early adolescence, anxiety and depression may
impede the child’s capacity to deal with the accelerating
physical changes. The strong correlation between the
domain physical appearance and global self-esteem that we
found in our study generally supports the relevance of this
domain for the evaluation of global self-esteem in this age
group. However, by controlling for comorbidity and in
testing the partial effect of each of the disorders on self-
esteem in our multivariate analyses, we found that global
self-esteem was particularly impaired in children with
depressive disorders, but not in children with anxiety dis-
orders. Instead, anxiety disorders were more strongly
associated with lower domain-specific self-perceptions.
The diagnostic group of anxiety disorders included a
variety of anxiety disorders (social phobia, specific phobia,
separation anxiety, generalized anxiety disorders). Our
result might reflect the specific symptomatology/phe-
nomenology of the diverse anxiety disorders [20, 55] and
their specific impact on children’s lives (e.g. specific
phobias, social phobia). We also expected impaired eval-
uations of scholastic competence, social acceptance and
athletic competence in children with depressive disorders
[5, 13, 14]. However, by accounting for comorbidity of
disorders, our results showed that the impact of anxiety
disorders and/or ADHD on the self-perception of these
domains was stronger than that of depressive disorders.
In contrast to previous findings by Hoza et al. [32], but
in line with Klimkeit et al. [34] and Treuting et al. [65], a
serious impact on children’s global as well as domain-
specific self-esteem was found for ADHD, affecting all
areas except athletic competence. The results, especially
for scholastic performance and social competence, thus
also seem to mirror the symptom-related difficulties of
children with ADHD in school and with peers.
Interestingly, disruptive disorders were not associated
with lower self-esteem when controlled for other psychi-
atric disorders. In the literature, results for self-esteem and
antisocial behavior are inconsistent (e.g., [15, 35]). In the
study by Guillon et al. [15], the self-esteem of adolescents
with conduct disorders did not differ significantly from the
self-esteem of controls. In fact, adolescents with conduct
disorders surpassed controls in self-esteem scores. In our
study, the ratings of children with disruptive disorders did
not surpass those of controls, but at least for global self-
esteem, physical appearance and athletic competence—on
a descriptive level—their ratings were highest among
children with other psychiatric disorders. Furthermore and
in line with Silverstone et al. [17], we found additive
effects from certain current psychiatric disorders on self-
esteem. Our results indicate, for example, that children
with both depressive disorders and ADHD had a cumulated
risk for impaired global self-esteem, while children with
both anxiety disorders and ADHD had a cumulated risk for
lowered evaluation of their social acceptance. The high
rates of psychiatric comorbidity in children and adolescents
[39] underline the importance of this result.
Girls and boys showed no differences in their self-per-
ception of scholastic competence and social acceptance.
However, girls rated themselves lower than boys in athletic
competence, physical appearance and global self-esteem.
Gender effects were generally stronger in these gender-
related domains of self-esteem than were the effects of
psychiatric disorders. The important role that gender seems
to play in the context of self-esteem and psychiatric dis-
orders is underlined by our finding that girls with depres-
sive and adjustment disorders are specifically impaired in
their global self-esteem and perception of their physical
appearance. This suggests a gender-specific vulnerability
of girls that puts them at heightened risk of depressive
disorders. In contrast, boys’ relatively higher tolerance
towards their bodily changes might protect them from
depressive feelings. A study by King et al. [13] has shown
that girls have a more differentiated body image than boys
and are more critical of their appearance. Further, girls in
preadolescence (8–11) already seem to be more concerned
about dieting and weight than boys [66]. These results have
been related to numerous factors including eating concerns
within the family, peers, and teasing, as well as depression
and impaired global self-esteem. A strong relation between
body dissatisfaction and self-esteem that is constant during
development for both genders has been found in a longi-
tudinal study by van den Berg et al. [67]. This highlights
the importance of addressing specific concerns about
physical appearance and its association with global self-
esteem within the treatment of depressive and adjustment
disorders and also in the context of prevention (e.g. at
school).
The interpretation of some of our findings requires
caution. First of all, mothers were the primary informants
about children’s psychiatric disorders. In the present study
we were not able to conduct interviews with children due to
time constraints. For the assessment of internalizing dis-
orders in particular, children’s self-report would have been
relevant as these disorders, unlike externalizing disorders,
are characterized by symptoms focusing on the individuals’




thoughts and emotions [55, 68]. Moreover, multi-informant
reports are known to be more reliable [69, 70]. However,
our results represent associations between two aspects of
children’s mental health that were independently assessed
by two informants (parent and child).
Even though we found significant associations between
psychiatric disorders and children’s self-esteem, the effects
were only small to moderate. As expected and in line with
previous studies, age, gender, and socioeconomic status
were also significantly associated with self-esteem in our
study. Except for social competence, these effects were
mostly stronger than the effects of psychiatric disorders.
However, even when controlling for these factors, the
explained variances of the total models were small. This
indicates that other child- and family-related psychosocial
and biological factors (e.g. child’s temperament, parental
behavior, genetic vulnerability) are also important when
considering children’s self-esteem.
Finally, due to the cross-sectional data in this study, we
cannot infer causality of the findings. Recent literature
brought up increasing evidence on the longitudinal asso-
ciations between self-esteem and depressive disorders
between adolescence and adulthood (e.g., [12, 14]).
Moreover, within a developmental framework perceived
self-competence has been shown to mediate adverse
experiences such as parental depressive symptoms [71],
negative maternal feedback [72] and chronic physical ill-
ness [73] and adolescent depressive symptoms. However,
longitudinal data on the domain-specific role of self-esteem
in depressive as well as in other psychiatric disorders in
children and adolescents are rare. Future research with
longitudinal data on domain-specific self-esteem in differ-
ent psychiatric disorders is needed to disentangle causality
and course of different self-esteem domains and their
specific developmental role for children’s mental health.
Given the increasing evidence on the central develop-
mental role of self-esteem with its important real-world
consequences up into adulthood, self-esteem development
is of considerable societal significance and may be con-
sidered an important target for intervention [3]. Knowing
which domains of self-esteem are affected in specific
psychiatric disorders can help clinicians to focus on par-
ticular domains of self-esteem during the diagnostic pro-
cess and to define adequate treatment goals.
Summary
The study extends previous work on the relation between
psychiatric disorders and self-esteem by including the most
prevalent child psychiatric disorders, as well as by ana-
lyzing gender-specific effects. Results showed that self-
esteem of children with current psychiatric disorders was
lower than that of healthy controls. Concerning scholastic
competence, social acceptance and global self-esteem,
children with past psychiatric disorders scored also lower
than healthy controls. Different current psychiatric disor-
ders showed specific effects on dimensions of self-esteem,
with a serious impact from depressive and anxiety disor-
ders and ADHD. Thereby, our results suggest a differential
and cumulative impact of psychiatric disorders on various
domains of self-esteem in pre- and early adolescence. In
general, our cross-sectional results raise the question of
why and how self-esteem is related to psychiatric disorders.
Future research with longitudinal data will give us more
insight into this. Still, our results indicate on self-esteem
development as an important target for intervention and
could have implications for clinical work. Knowing which
domains of self-esteem are affected in specific psychiatric
disorders can help clinicians to focus on particular domains
of self-esteem during the diagnostic process and to define
adequate treatment goals. Finally, our finding of a gender-
specific impairment of global self-esteem and of perception
of their physical appearance in girls with depressive and
adjustment disorders suggests it is necessary to address
specific concerns about physical appearance in the treat-
ment of girls. However, even though we found gender-
specific impairment in our study, our findings also suggest
that in most areas of self-esteem children of both genders
are affected when suffering from psychiatric disorders.
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a b s t r a c t
Diagnostic interviews are valuable tools for generating reliable and valid psychiatric diagnoses. However,
little is known about the diagnostic effects of implementing such an interview into the standard diag-
nostic procedure of a child psychiatric clinic. Therefore, we reviewed discharge diagnoses of psychiatric
patients (age: 8–12 years; combined sample of inpatients and day hospital patients) over two intervals
before and after implementing the semi-structured diagnostic interview K-SADS-PL as a diagnostic tool
during intake. Each interval was a two year period spanning from 2009–2010 (pre sample; n¼177) and
from 2012–2013 (post sample; n¼132). The number of diagnoses per patient and the co-morbidity rate
increased signiﬁcantly in the post sample. Furthermore, the percentage of children with a nonspeciﬁc
diagnosis “other mixed disorders of conduct and emotions” (ICD-10: F92.8) decreased signiﬁcantly after
using the K-SADS-PL. Regarding the main diagnostic categories, a signiﬁcant increase in the number of
anxiety disorders and stress-related and somatoform disorders was found in the post sample. The results
suggest that implementing a semi-structured interview into the daily routine of child psychiatry may
have a substantial impact on discharge diagnoses. Practical implications are discussed and ideas for
future research are given.
& 2015 Elsevier Ireland Ltd. All rights reserved.
1. Introduction
There is strong evidence for a low to moderate agreement be-
tween research diagnostic assessments and clinical evaluations, as
well as for the poor inter-rater reliability of clinician-generated
diagnoses (Miller, 2001, 2002; Jewell et al., 2004; Rettew et al.,
2009). The reasons for these inaccuracies in medical cognition and
decision making are diverse, and include stressful circumstances,
budgetary constraints, or novice-expert differences (Galanter and
Patel, 2005). Consequences of these diagnostic inaccuracies can be
delayed, inappropriate and potentially harmful treatments, which
in turn may produce adverse outcomes (Pogge et al., 2001; Ga-
lanter and Patel, 2005; Jensen-Doss and Weisz, 2008).
To improve diagnostic procedures in psychiatry, a number of
tools have been developed and introduced. One of the best eval-
uated and highly recommended methods is the use of (semi-)
structured diagnostic interviews. They are crucial for generating
reliable and valid psychiatric diagnoses (Ehlert, 2007) and may
therefore help to enhance the quality of treatment and reduce
treatment costs due to a shorter diagnostic evaluation time,
shorter hospital stays and a faster recovery (Miller, 2001, 2002;
Thienemann and Jellinek, 2004; Galanter and Patel, 2005; Hughes
et al., 2005). They may also inﬂuence the medication given to a
patient (e.g. lower dosage; Kashner et al., 2003). Nevertheless,
clinicians tend to ignore these advances and continue to use un-
structured clinical interviews as their only diagnostic method
(Cashel, 2002; Anderson and Paulosky, 2004).
Little is known as yet about the effects of implementing a di-
agnostic interview into the diagnostic routine of a clinical setting.
Results from former studies indicate that it can lead to substantial
changes in diagnostic assignment rates: it may decrease the
variability in psychiatric diagnoses (e.g. fewer nonspeciﬁc diag-
noses), increase the use of formerly neglected diagnoses (e.g.
simple phobia), and heighten co-morbidity rates (Thienemann and
Jellinek, 2004; Hughes et al., 2005; Lauth et al., 2008).
In a study by Lauth and colleagues (2008) the number of di-
agnoses per patient increased after using the internationally well-
established semi-structured interview Kiddie Schedule for Affec-
tive Disorders and Schizophrenia for School Aged Children Pre-
sent-Lifetime version (K-SADS-PL; Kaufman et al., 1996). The au-
thors suggested that diagnoses were less likely to be overlooked.
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In addition, there was a decrease in nonspeciﬁc diagnoses (labelled
with “other”1 and “unspeciﬁed”2 in ICD-10), guiding the physician
to more speciﬁc information. These promising results were based
on the implementation of separate diagnostic interviews with
parents and adolescents (age: 12–17 years) in an inpatient setting.
However, the interviews were conducted by a single interviewer
and the comparison made was between three years before im-
plementation and only one year after this substantial change in
the diagnostic procedure.
To extend the ﬁndings of Lauth and colleagues (2008), we
conducted a study with younger psychiatric patients (age: 8–12
years). We included all patients with an available discharge letter
(combined sample of inpatients and day hospital patients) and
compared two years before with two years after implementing the
K-SADS-PL (2009/2010 vs. 2012/2013). We trained a larger number
of interviewers (e.g. regular therapists of the clinic) to adapt the
procedure to a more naturalistic clinical daily routine. Further-
more, we used a parent interview version alone in order to ex-
amine whether this modiﬁed approach would lead to comparable
changes in diagnostic assignment rates. This was a compromise
between the desired (but often hard to realize) implementation of
a separate parent and child interview and the sole use of un-
structured clinical interviews in the demanding everyday life of
the clinic.
After implementing the interview in 2011, we hypothesized
(1) an increase in diagnoses (co-morbidity rates) per patient and
(2) a reduction in nonspeciﬁc diagnoses (especially the very
common diagnosis “other mixed disorders of conduct and
emotions”3). Furthermore (3), we expected an increase in the
number of affective, anxiety and disruptive disorders, as shown in
former studies (Hughes et al., 2005; Lauth et al., 2008).
2. Methods
2.1. Procedure
In summer 2011, we implemented the diagnostic interview
K-SADS-PL (parent version) as a standard diagnostic tool within
the department of child and adolescent psychiatry of a university
hospital. For research purposes this quality improvement initiative
was evaluated by a cooperating research project at the university
hospital (LIFE Child Depression; Quante et al., 2012). The research
study was approved by the Ethics Committee of the University of
Leipzig. Parents of all patients (aged 8;00–12;11 years) of four
inpatient wards and one day hospital setting were interviewed
during the ﬁrst four weeks after intake of their child. This was an
addition to the usual diagnostic process (e.g. symptom ques-
tionnaires, behavioural monitoring, and unstructured clinical in-
terviews), which was conducted by psychologists, residents in
training for child and adolescent psychiatry and child psychiatrists
before and after using the K-SADS-PL. The interviewer sent the
K-SADS-PL diagnoses to the clinician treating the child (psychol-
ogists, residents in training for child and adolescent psychiatry and
child psychiatrists). Clinicians decided how much they wanted to
weigh and incorporate all available diagnostic information. They
assigned diagnoses according to ICD-10, which is the main ofﬁcial
diagnostic classiﬁcation system for clinical purposes in European
countries. Finally, the treating clinician wrote a discharge letter at
discharge of the patient.
2.2. Clinical discharge diagnoses
To analyse differences in psychiatric diagnoses before and after
the K-SADS-PL was implemented, we compared the discharge di-
agnoses (outcome measure) of a combined sample of all inpatients
and day hospital patients (aged 8;00 to 12;11 years) discharged
during the years 2009 and 2010 (pre sample; n¼177) and 2012
and 2013 (post sample; n¼132). We took the diagnoses (ICD-10:
axis I) from the discharge letters of the psychiatric clinic. Children
who were repeatedly admitted during the course of one year were
counted once, their treatment duration was calculated as the total
number of days of treatment, and their diagnoses for all stays were
taken into account. In most of these cases, the children were dis-
charged for administrative reasons over a long weekend or during
holidays. To obtain independent samples, we excluded children
who were repeatedly admitted during two or more of the com-
pared years from the analyses. For analysing diagnostic categories,
we categorized combined diagnoses according to ICD-10 (mixed
anxiety and depressive disorder4, hyperkinetic conduct disorder5,
mixed disorders of conduct and emotions6) as two co-morbid
disorders.
2.3. Interviewers and interview training
A large number of interviewers were trained in conducting the
interview, blinded to the study hypothesis (n¼17; 3 male; 14 fe-
male; psychologists (n¼6), master’s-students in psychology
(n¼6), residents in training for child and adolescent psychiatry
(n¼5)). In some cases, there was an overlap between the inter-
viewer and the clinician treating the child. Two psychologists from
the research project LIFE Child Depression, who were trained by
one of the authors of the German K-SADS-PL (Delmo et al., 2001)
and who had at least one year experience in conducting the in-
terview, guided the training. It consisted of instructions in theory,
private study of the manual, and several group exercises (in total
about nine hours), plus assisting with several interviews (at least
two), and several interviews under supervision (at least two) until
the interviewers met the required quality standards (autonomous,
secure and reliable interview execution, conclusion and doc-
umentation of diagnoses).
Additionally, one of the trainers provided a permanent man-
datory consulting service for discussing problematic interview si-
tuations and answering all questions about the conduction of
K-SADS-PL-diagnoses. For this purpose, we implemented a bi-
weekly appointment into the work schedule of each interviewer.
All interviews were checked for correctness to assure quality in the
conclusion and documentation of diagnoses. We audiotaped all
interviews. The inter-rater reliability (n¼31 (10%) double-rated
interview audio tapes) was adequate with Kappa¼0.76.
2.4. K-SADS-PL
In this study, we used the German version of the K-SADS-PL
(Delmo et al., 2001; adapted from the English version by Kaufman
et al., 1996). We further modiﬁed the interview according to the
K-SADS-PL 2009 working draft (Axelson et al., 2009). This included
that we removed all references to DSM-III-R, reﬁned diagnostic
criteria and interview questions, or added missing ones. As an-
other important adaption we paraphrased all questions into a
parent version. We did not include the screening and supplement
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Disorders), because these diagnoses were assessed by a specialized
psychologist at the clinic where we implemented the K-SADS-PL.
The K-SADS-PL was constructed to assess present and lifetime
psychopathology in children and adolescents, diagnosing 30 psy-
chiatric disorders and subsyndromal symptomatology. The inter-
view consists of screening interviews with key symptoms for each
disorder plus diagnostic supplements, and provides diagnoses
according to DSM-IV-TR and ICD-10.
The English versions of the interview (Kaufman et al., 1996;
Axelson et al., 2009) are free in charge and available online (http://
www.psychiatry.pitt.edu/research/tools-research/assessment-in
struments). The extensive guidelines and its semi-structured
character enable us to assess all relevant information for diagnoses
with good reliability and validity (Kaufman et al., 1997; Ghaniza-
deh et al., 2006; Brasil and Bordin, 2010) in a standardized but
more ﬂexible way than fully structured interviews. The interview
is also well accepted by interviewers and interviewees (Sørensen
et al., 2007; Matuschek et al., 2015).
2.5. Statistical analyses
We analysed the reported hypotheses using either Pearson’s
chi-square tests (or 2-sided Fischer’s exact test for contingency
tables with expected frequencies lower than 5%) for identifying
differences in categorical variables between pre sample and post
sample, or independent t-tests for continuous variables. We ad-
justed the corresponding α-levels for each separate hypothesis.
Furthermore, we analysed potential effects on signiﬁcant results
through differences in sample characteristics (e.g. in sex) between
pre sample and post sample using linear regression analysis and
binary logistic regression analysis.
3. Results
3.1. Sample characteristics
Comparing characteristics of the pre and post sample, we found
no signiﬁcant differences in the age of the children and in their
treatment setting (inpatient/day hospital breakdown; for detailed
results see Table 1). However, there was a signiﬁcant difference in
gender: in the pre sample there were signiﬁcantly less female
patients than in the post sample as shown in Table 1. Additionally,
there was a signiﬁcant difference in the length of admission be-
tween pre sample and post sample. The mean number of days of
admission was signiﬁcantly lower in the pre sample than in the
post sample (see Table 1).
3.2. Number of diagnoses
The mean number of diagnoses per patient was signiﬁcantly
lower in the pre sample (M¼1.51, SD¼0.78) than in the post
sample (M¼1.83, SD¼1.03), t(1,234.73)¼"2.99, p(one-tailed)¼
0.002; r¼0.19; α¼0.017. While in the pre sample the number of
diagnoses per patient ranged from 0 to 4 (Mdn¼1), the maximum
increased to 5 diagnoses (Mdn¼2) in the post sample. The per-
centage of children with at least 3 diagnoses increased sig-
niﬁcantly from 9.6% (n¼17; pre sample) to 20.5% (n¼27; post
sample), χ²(1,309)¼7.29, p(one-tailed)¼0.006; Cramer’s V¼0.15;
α¼0.017. Furthermore, the percentage of children with only one
diagnosis dropped signiﬁcantly from 56.5% (n¼100; pre sample)
to 40.9% (n¼54; post sample), χ²(1,309)¼7.35, p(one-tailed)¼
0.005; Cramer’s V¼0.15; α¼0.017. In total, children in the pre
sample (n¼177) received 268 diagnoses, compared to 242 diag-
noses in the post sample (n¼132).
3.3. Nonspeciﬁc diagnoses
The percentage of children with at least one nonspeciﬁc diag-
nosis decreased from 29.9% (n¼53) in the pre sample to 20.5%
(n¼27) in the post sample, but the difference missed signiﬁcance,
χ²(1,309)¼3.55, p(one-tailed)¼0.039; Cramer’s V¼0.11; α¼0.025.
However, the percentage of children with a diagnosis of “other
mixed disorders of conduct and emotions” was signiﬁcantly re-
duced from 21.5% (n¼38) in the pre sample to 11.4% (n¼15) in the
post sample, χ²(1,309)¼5.43; p(one-tailed)¼0.014; Cramer’s
V¼0.13; α¼0.025.
3.4. Changes in diagnostic categories
The percentage of children with at least one anxiety disorder
increased signiﬁcantly in the post sample (20.5% vs. 10.2% pre
sample), χ²(1,309)¼6.43, p (one-tailed)¼0.009; Cramer’s V¼0.14;
α¼0.017. In contrast, the percentage of children with an affective
disorder decreased slightly in the post sample (22.7% vs. 27.1% in
pre sample), but this difference did not reach signiﬁcance, χ²(
1,309)¼0.77, p(one-tailed)¼0.228; Cramer’s V¼0.05; α¼0.017.
The percentage of children with a disruptive disorder stayed al-
most the same in the post sample (45.5% vs. 45.8% pre sample),
χ²(1,309)¼0.00, p(one-tailed)¼0.525; Cramer’s V¼0.00; α¼0.017.
To provide a detailed overview of changes in the diagnoses
assigned by clinicians, Table 2 lists all main diagnostic categories
comparing pre sample and post sample in addition to those re-
levant for Hypothesis (3). Here, the percentage of children with at
least one stress-related (e.g. PTSD, adjustment disorders) or so-
matoform disorder signiﬁcantly increased in the post sample
(33.3% vs. 18.1% in pre sample), χ²(1,309)¼9.49, p¼0.002; Cramer’s
V¼0.18. For all other diagnostic categories we found no signiﬁcant
change.
3.5. Effects of gender and treatment duration
In summary, we found signiﬁcant differences between pre and
post sample in the number of diagnoses per patient, the number of
patients with at least three diagnoses and with only one diagnosis
and in the number of patients with at least one F92.8 diagnosis,
Table 1
Descriptive statistics, test statistics & effect size for group differences between pre sample and post sample.
Characteristic Pre sample (2009/2010; n¼177) Post sample (2012/2013; n¼132) Test statistic Effect size
Inpatient setting (%) 143 (81.2%) 110 (83.3%) χ²(1,308)¼0.22, p¼0.637 0.03a
Female (%) 44 (24.9%) 55 (41.7%) χ²(1,309)¼9.81, p¼0.002 0.18a
Age M¼10.64 (SD¼1.63) M¼10.69 (SD¼1.61) t(1,307)¼"0.23, p¼0.817 0.01b
Length of admission (days) M¼57.76 (SD¼34.94) M¼68.39 (SD¼38.43) t(1,307)¼"2.54, p¼0.012 0.14b
Note.
a effect size Cramer’s V.
b effect size r. adjusted α-level α¼0.0125.
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with at least one anxiety disorder and with at least one stress-
related or somatoform disorder. We conducted linear and binary
logistic regression analyses to test if these results were partly ex-
plained by the differences in gender and treatment duration be-
tween the samples in addition to the predictor group (pre versus
post sample) itself. With two exceptions, the group was the only
signiﬁcant predictor for all signiﬁcant study variables (for detailed
results see Supplementary material). Both the group and the
treatment duration were signiﬁcant predictors of the number of
diagnoses. The group, the gender of the child and the treatment
duration were signiﬁcant predictors of at least one stress-related
or somatoform disorder.
4. Discussion
The present study compared the discharge diagnoses of chil-
dren before and after implementing the diagnostic interview
K-SADS-PL as a standard diagnostic tool (2009/2010 versus 2012/
2013). Compared to the study of Lauth and colleagues (2008), who
used the K-SADS-PL with parents and adolescents in an inpatient
setting, we included younger patients treated in inpatient and day
hospital settings. We used a parent interview version and trained a
wide range of interviewers to conduct interviews with adequate
reliability.
As hypothesized, the mean number of diagnoses per patient
and the percentage of children with at least three discharge di-
agnoses increased signiﬁcantly, whereas the percentage of chil-
dren with only one diagnosis decreased signiﬁcantly. These results
may reﬂect better detection of the high co-morbidity often found
in children and adolescents and the psychopathological com-
plexity causing hospitalization (Arcelus and Vostanis, 2005). It
may also show that the use of a diagnostic interview helps clin-
icians to overcome a possible focus on “primary” diagnoses (Ga-
lanter and Patel, 2005; Rettew et al., 2009). However, the heigh-
tened rates of diagnoses and co-morbidity might also reﬂect a lack
of parsimony due to increased adherence to diagnostic criteria
when using the K-SADS-PL. As all K-SADS-PL diagnoses were
checked for correctness and all interviewers were educated re-
garding this topic in the training and the mandatory consulting
service, this argument can probably be ruled out. In terms of
nonspeciﬁc diagnoses, the percentage of “other mixed disorders of
conduct and emotions” was almost halved after using the K-SADS-
PL. This striking reduction may reﬂect how the use of a semi-
structured interview helps to detect the full picture of a particular
disorder rather than nonspeciﬁc or mixed diagnostic categories.
The reported effect may indicate an improvement in diagnostic
accuracy, but the present study does not directly include data to
prove this. As expected, the rate of children with at least one an-
xiety disorder increased signiﬁcantly in the post sample. The
percentage doubled compared to the pre sample. Moreover, the
rate of children with at least one stress-related and somatoform
disorder increased signiﬁcantly in the post sample, too. Contrary
to our hypotheses, the rate of children with at least one affective
and disruptive disorder did not increase after implementing the
K-SADS-PL.
4.1. Limitations
There are a number of limitations to our study that need to be
delineated. First, a possible explanation of the result for affective
disorders may be the exclusive use of the parent interview version.
Given that parent-child agreement usually ranges between low
and moderate, particularly in the context of internalizing dis-
orders, it can be crucial to obtain information from both positions
to be able to make valid diagnoses (Klein, 1991; Grills and Ollen-
dick, 2002; Comer and Kendall, 2004). The child interview version
is therefore always desirable if the necessary resources (e.g. suf-
ﬁcient time) are available. However, the exclusive use of the par-
ental interview may be a ﬁrst step towards more diagnostic pre-
cision in busy clinical settings, for example when the child is very
young and may have a limited ability to understand and respond
to interview questions (e.g. chronological course; Schwab-Stone
et al., 1994; Herpertz-Dahlmann et al., 2007). Furthermore, a solely
parental interview may be applicable when the focus is on ex-
ternalizing symptoms (Grills and Ollendick, 2002).
Second, in our study, the less time-consuming option of con-
ducting a parental interview brought comparable changes in the
number and co-morbidity rates of diagnoses as described by Lauth
and colleagues (2008) after implementing both a parent and a
child interview version. Nevertheless, it remains unclear whether
qualitative diagnostic changes after implementing the K-SADS-PL
are the same even though the quantitative changes are compar-
able between the two studies.
Table 2
Hypothesis (3): Number (and percentage) of patients with at least one discharge diagnosis in different diagnostic categories (ICD-10, axis I), test statistics and effect sizes for
group differences between pre sample and post sample.
Diagnostic category Pre (n¼177) Post (n¼132) Test statistic Vc
Mood (affective) disorders 48 (27.1%) 30 (22.7%) χ²(1,309)¼0.77, p¼0.379a 0.05
Anxiety disorders 18 (10.2%) 27 (20.5%) χ²(1,309)¼6.43, p¼0.011a 0.14
Oppositional deﬁant and conduct disorders 81 (45.8%) 60 (45.5%) χ²(1,309)¼0.00, p¼0.957a 0.00
Organic, including symptomatic, mental disorders 5 (2.8%) 0 (0.00%) p¼0.074b 0.11
Alcohol and/or drug abuse 2 (1.1%) 2 (1.5%) p¼1.000b 0.02
Psychotic disorders 2 (1.1%) 1 (0.8%) p¼1.000 b 0.02
Stress-related and somatoform disorders 32 (18.1%) 44 (33.3%) χ²(1,309)¼9.49, p¼0.002 0.18
Behavioural syndromes associated with physiological disturbances and physical factors 7 (4.0%) 8 (6.1%) χ²(1,309)¼0.73, p¼0.394 0.05
Personality disorders 3 (1.7%) 2 (1.5%) p¼1.000b 0.01
Any hyperkinetic disorder 42 (23.7%) 27 (20.5%) χ²(1,309)¼0.47, p¼0.494 0.04
Other disorders with onset usually occurring in childhood and adolescence 63 (35.6%) 48 (36.4%) χ²(1,309)¼0.02, p¼0.889 0.01
ICD-10 diagnoses included in the diagnostic categories above: Mood (affective) disorders (F30.0-F39, F41.2, F92.0); Anxiety disorders (F40.0-F42.9, F93.0-F93.2, F93.8);
Oppositional deﬁant and conduct disorders (F90.1, F91.0-F91.9, F92.0); Organic, including symptomatic, mental disorders (F00.0-F09); Alcohol and/or drug abuse (F10.0-
F19.9); Psychotic disorders (F20.0-F29); Stress-related and somatoform disorders (F43.0-F48.9); Behavioral syndromes associated with physiological disturbances and
physical factors (F50.0-F59); Personality disorders (F60.0-F69); Any hyperkinetic disorder (F90.0, F90.1, F90.8-F90.9); Other disorders with onset usually occurring in
childhood and adolescence (F92.8-F92.9, F93.3, F93.9-F95.9, F98.0-F98.9).
Note.
a adjusted α-level for tested hypothesis α¼0.017.
b 2-sided Fischer’s exact test for contingency tables with expected frequencies lower than 5%.
c V¼Cramer’s V.
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Third, the study was carried out in the naturalistic setting of a
psychiatric clinic with unselected patients who had a wide range
of different symptoms. This is a strength, but also a limitation of
our study. The culture of the hospital remained relatively the same
during the time period analysed in terms of administrative po-
licies, procedures or funding streams, the age of the children re-
ferred to the clinic, the treatment setting used, the staff employed,
and the diagnostic habits (besides the K-SADS-PL). However, in the
post sample more girls were hospitalized than boys and the
treatment lasted longer. Thus it remains unclear whether the in-
creased treatment duration is a cause or a consequence of the
raised number of diagnoses and the higher number of stress-re-
lated or somatoform disorders. As shown in multivariate analyses,
the group (pre versus post K-SADS-PL) remained a signiﬁcant
predictor for the reported differences between pre sample and
post sample, when gender and treatment duration were included
as further potential predictors.
Fourth, it was not possible to collect explicit information about
the process of naturalistic decision making for this wide variety of
patients. A detailed analysis of which sources clinicians used and
how they weighed and processed the diagnostic information is
therefore beyond the scope of this paper. Consequently, it remains
unclear the extent to which the K-SADS-PL diagnoses were in-
corporated into the conclusion of chart diagnoses, and if it had a
signiﬁcant effect on the discharge diagnoses if the treating clin-
ician and the interviewer were the same person. Moreover, we do
not know how much the implementation of the interview inﬂu-
enced the “diagnostic culture” of the psychiatric clinic.
Fifth, we did not assess clinician and parent acceptability of the
diagnostic procedures in our study. However, ﬁndings of a pre-
vious study on the acceptance of the K-SADS-PL (Matuschek et al.,
2015) indicate that the interview is well accepted by interviewers
and parents. Sixth, we did not explicitly assess which expenses in
time, money and staff the new diagnostic approach required
compared to the usual procedure.
Last, we collected no data on the clinical outcomes of the
children in our two samples. Therefore, we have no information on
the effects the implementation of the K-SADS-PL may have had on
the medical course.
4.2. Future directions
New studies in this line of research should directly contrast
different approaches to implement the K-SADS-PL with each other
(procedure as usual versus parent and child interview versus ex-
clusive use of one of the interviews).The procedures should be
compared in terms of quantity and quality (e.g. diagnostic cate-
gories; validity; reliability) of diagnoses and in terms of required
staff, money, administration time, and the acceptability. Moreover,
future studies should explore the conditions (e.g. age of the child;
setting) under which the different approaches (e.g. an exclusive
parental interview) can be applied and assess more baseline data
on patient characteristics (e.g. admission diagnoses, admission
global assessment of functioning). In addition, they should address
the extent to which the K-SADS-PL diagnoses are incorporated into
the conclusion of diagnoses by different clinicians. Finally, they
should analyse the impact of the implementation on the diag-
nostic process, the culture of a clinic and the medical outcome of
the children.
4.3. Conclusion and practical implications
In summary, the overall increase in diagnoses, as well as the
reduction in the nonspeciﬁc diagnosis “other mixed disorders of
conduct and emotions”, most likely reﬂects the diagnostic impact
of implementing a semi-structured interview. As a standard
diagnostic tool it may add detailed and comprehensive informa-
tion and may increase the use of diagnostic criteria in clinical
settings (Müssigbrodt et al., 2000; Aboraya et al., 2006). As dis-
cussed by Thienemann and Jellinek (2004), these effects may
outweigh the initial resentment of busy staff at having to imple-
ment a new diagnostic procedure. A diagnostic interview should
not be regarded as a substitute for the clinicians’ judgment but as a
useful addition and a support in obtaining reliable and valid di-
agnoses (Joiner et al., 2005; Aboraya et al., 2006; Ehlert, 2007;
Lauth et al., 2008). The time, money and staff needed for this
highly depends on the desired number of interviewers, the size of
the clinic, the number of settings in which the interview is in-
tended to be used, and the number of patients it should be applied
to. Furthermore, especially the monetary expenses depend on the
intended country and the connected health system. All these fac-
tors should be considered when implementing the interview. In
our study, one experienced interviewer took care of the manda-
tory consulting service and the quality management of the inter-
view for 17 interviewers. About ten hours a week were needed for
this task. Moreover, an additional trainer was temporarily em-
ployed for the interview training. For us, this proceeding proved to
be a feasible solution.
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(a) Coefficients of the linear regression analysis on number of diagnoses. 
 b (SE) β 95% CI for b 
Variables included  Lower Upper 
Constant 1.29** (0.11)    
Group 0.28* (0.10) 0.16 0.08 0.49 
Sex -0.04 (0.11) -0.02 -0.26 0.18 
Treatment duration 0.004* (0.001) 0.17 0.001 0.01 
Note.  
R2 = 0.06. * p < 0.01. ** p < 0.001. 
	
(b) Coefficients of the binary logistic regression analysis on number of patients with at least 
three diagnoses. 
 b (SE) 95% CI for Odds Ratio 
Variables included Lower Odds Ratio Upper 
Constant - 2.24* (0.26)    
Group 0.88* (0.33) 1.26 2.42 4.66 
Note.  





(c) Coefficients of the binary logistic regression analysis on number of patients with only one 
diagnosis. 
 b (SE) 95% CI for Odds Ratio 
Variables included Lower Odds Ratio Upper 
Constant 0.26 (0.15)    
Group -0.63* (0.23) 0.34 0.53 0.84 
Note.  
R2 = 0.03 (Nagelkerke). Model χ2 (1) = 7.38, p < 0.01. * p < 0.01. Variables excluded = sex, 
treatment duration. 
 
(d) Coefficients of the binary logistic regression analysis on number of patients with at least 
one F92.8 diagnosis. 
 b (SE) 95% CI for Odds Ratio 
Variables included Lower Odds Ratio Upper 
Constant - 1.297** (0.18)    
Group -0.76* (0.33) 0.25 0.45 0.895 
Note.  
R2 = 0.03 (Nagelkerke). Model χ2 (1) = 5.64, p < 0.05. * p < 0.05. ** p < 0.01. Variables 




(e) Coefficients of the binary logistic regression analysis on number of patients with at least 
one anxiety disorder. 
 b (SE) 95% CI for Odds Ratio 
Variables included Lower Odds Ratio Upper 
Constant - 2.18** (0.25)    
Group 0.82* (0.33) 1.19 2.27 4.33 
Note.  
R2 = 0.04 (Nagelkerke). Model χ2 (1) = 6.36, p < 0.05. * p < 0.05. ** p < 0.01. Variables 
excluded = sex, treatment duration. 
 
(f) Coefficients of the binary logistic regression analysis on number of patients with at least 
one stress-related or somatoform disorder. 
 b (SE) 95% CI for Odds Ratio 
Variables included Lower Odds Ratio Upper 
Constant - 2.27*** (0.33)    
Group 0.62* (0.28) 1.07 1.85 3.197 
Sex 0.85** (0.28) 1.34 2.35 4.096 
Treatment duration 0.01* (0.004) 1.00 1.01 1.02 
Note.  









eingereicht	Juni 2018  
Ein	früher	Beginn	einer	depressiven	Störung	im	Kindes-	und	Jugendalter	ist	mit	einem	erhöhten	Rückfallrisiko	 sowie	 schwerwiegenderem	 Verlauf	 und	 späteren	 psychosozialen	Beeinträchtigungen	 assoziiert	 (Birmaher,	 2007).	 Kognititve	 Störungsmodelle	 gehen	 von	Veränderungen	 der	 Informationsverarbeitung	 bei	 depressiven	 Störungen	 aus.	 Hierbei	 spielen	Verzerrungen	 in	 der	 Aufmerksamkeit	 (‚bias’)	 weg	 von	 positiven	 und	 hin	 zu	 negativen	Informationen	sowie	das	Abstumpfen	(‚blunting’)	 für	emotionales	Material	eine	wichtige	Rolle.	Diese	 dysfunktionalen	 Veränderungen	 lassen	 sich	 anhand	 der	 Leistung	 in	 kognitiven	Untersuchungsparadigmen	 abbilden.	 Die	 bisherige	 Literatur	 legt	 nahe,	 dass	 diese	dysfunktionalen	 Veränderungen	 Vulnerabilitäten	 darstellen,	 welche	 bereits	 vor	 Ausbruch	 der	Störung	 vorliegen.	 Es	 fehlen	 jedoch	 insbesondere	 Studien	 mit	 klinischen	 Stichproben	 von	Kindern	 um	 die	 Rolle	 dieser	 Faktoren	 bei	 der	 Entstehung	 und	 Aufrechterhaltung	 depressiver	Störungen	besser	zu	verstehen.		Emotionale	menschliche	Gesichter	stellen	valide	Stimuli	dar,	welche	eine	hohe	Relevanz	für	die	psychosoziale	 Entwicklung	 einer	 Person	 haben.	 Eine	 eingeschränkte	 Sensitivität	 hierfür	 kann	den	 interpersonellen	 Schwierigkeiten	 depressiver	 Patienten	 zugrunde	 liegen.	 Eine	kostengünstige	und	relativ	einfach	anwendbare	neurophysiologische	Methode	ist	die	Erfassung	ereigniskorrelierter	Potentiale	(ERPs)	im	EEG.	ERPs	für	emotionale	Gesichter,	die	als	Stimuli	für	die	Generierung	spezifischer	ereigniskorrelierter	Potentiale	dienen,	könnten	biologische	Marker	für	 depressive	 Störungen	 und	 deren	Risikofaktoren	 darstellen.	 Die	 kombinierte	Untersuchung	des	 Einflusses	 emotionaler	 Gesichter	 auf	 kognitive	 Leistungsparameter	 sowie	 gesichts-	 und	
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emotionsspezifischer	 Komponenten	 im	 EEG	 können	 somit	 einen	 wichtigen	 Beitrag	 zur	Früherkennung,	 zielgerichteten	 Behandlung	 und	 Verbesserung	 des	 Therapieerfolgs	 leisten.	Bisher	 gibt	 es	 jedoch	 nur	 wenige	 Untersuchungen	 mit	 klinischen	 Stichproben	 von	 Kindern,	welche	 neuronale	Aspekte	 berücksichtigen.	 Frühere	 Studien	 zur	N170,	 einer	Komponente	 der	frühen	 Gesichtserkennung,	 deuten	 darauf	 hin,	 dass	 Veränderungen	 in	 Form	 verminderter	Amplituden	und	verkürzter	Latenzen,	 eine	dysfunktionale	Verarbeitung	emotionaler	Gesichter	abbilden	 (Feuerriegel	 et	 al.,	 2015).	 Verschiedene	 Studien	 konnten	 eine	 Reduzierung	 im	 Late	Positive	 Potential	 (LPP),	 einem	 Index	 emotionaler	 Reaktivität,	 für	 emotionales	 Material	 bei	depressiven	 Erwachsenen	 (Foti	 et	 al.,	 2010;	 Kayser	 et	 al.,	 2000;	 MacNamara	 et	 al.,	 2016a;	Weinberg	et	al.,	2016)	und	Kindern	mit	elterlichem	Risiko	für	eine	Depression	zeigen	(Kujawa	et	al.,	 2012a;	 Nelson	 et	 al.,	 2015).	 Diese	 Ergebnisse	 deuten	 auf	 eine	 ‚blunted	 reaction’	 hin,	 eine	Abstumpfung	 und	 Abwendung	 von	 emotionalen	 Umgebungsreizen.	 Allerdings	 gab	 es	 auch	gegenläufige	Befunde	für	 jugendliche	Mädchen	mit	einer	depressiven	Störung	(Auerbach	et	al.,	2015;	 Burkhouse	 et	 al.,	 2017),	 die	 eine	 erhöhte	 LPP	 Aktivität	 für	 stimmungskongruente	Informationen	fanden.	Das	Haupanliegen	dieser	Arbeit	 ist	 die	Untersuchung	 von	Veränderungen	 in	 der	Verarbeitung	emotionaler	 Gesichter	 anhand	 behavioraler	 und	 neuronaler	 Parameter	 bei	 Kindern	mit	 einer	depressiven	 Störung	 im	 Vergleich	 zu	 gesunden	 Kontrollen.	 Hierfür	 wurde	 eine	 emotionale	Go/NoGo-Aufgabe	 im	Rahmen	einer	EEG-Ableitung	eingesetzt.	Dabei	haben	die	Probanden	die	Aufgabe,	bei	bestimmten	emotionalen	 (ängstlichen,	glücklichen	oder	 traurigen)	Gesichtern	per	Mausklick	zu	reagieren	(Go)	und	ihre	Reaktion	bei	ruhigen	Gesichtern	zu	unterdrücken	(NoGo)	oder	umgekehrt	bei	ruhigen	Gesichtern	zu	reagieren	und	die	Reaktion	auf	emotionale	Gesichter	zu	unterdrücken.	Neben	der	kognitiven	Leistung	in	Form	der	Reaktionsgeschwindigkeit	und	den	Fehlerraten	wurde	die	neuronale	Verarbeitung	der	emotionalen	Gesichter	anhand	der	N170	und	des	LPP	untersucht.	Im	Rahmen	der	beiden	Hauptpublikationen	(Publikation	1	&	2)	wurden	die	Daten	von	Kindern	(Alter:	11	-	14	Jahre)	mit	einer	depressiven	Störungen	(n	=	26)	und	gesunden	Kontrollen	(n	=	26	)	ausgewertet.	Die	Diagnose	einer	depressiven	Störung	wurde	anhand	eines	teilstrukturierten	diagnostischen	Interviews	(K-SADS-PL;	deutsche	Version;	Delmo	et	al.,	2001, von	der	Projektgruppe	revidiert	entsprechend	K-SADS-PL	2009	Working	Draft	 	(Axelson	et	al.,	2009))	 mit	 den	 Probandeneltern	 erfasst.	 Zudem	 wurden	 mittels	 Fragebögen	 (Center	 for	Epidemiological	 Studies	 Depression	 Scale	 for	 Children,	 CES-DC	 und	 Strengths	 and	 Difficulties	Questionnaire,	SDQ)	die	Selbsteinschätzung	der	Kinder	und	 Jugendlichen	zu	 ihren	depressiven	Symptomen	erhoben.	Die	 erste	 Studie	 (Grunewald	 et	 al.,	 2015)	 untersuchte	 den	 möglichen	 Einfluss	 selektiver	Aufmerksamkeit	 auf	 die	 Performanz	 in	 der	 emotionalen	 Go/NoGo-Aufgabe	 sowie	 potentiell	zugrunde	 liegende	 Veränderungen	 in	 der	 neuronalen	 Verarbeitung	 anhand	 der	 N170	
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(Amplitude,	Latenz	und	Topographie),	eines	 Indexes	 für	 frühe	Gesichtserkennung,	bei	Kindern	mit	 einer	 depressiven	 Störung	 im	 Vergleich	 zu	 gesunden	 Kontrollen.	 Performanz	 wurde	operationalisiert	 durch	 Reaktionszeiten	 auf	 emotionale	 und	 ruhige	 Gesichter	 (Go-Targets)	 als	Index	 für	 Aufmerksamkeitskontrolle	 (Hare	 et	 al.,	 2005)	 und	 durch	 ‚Falsche	 Alarme’	(‚commission	 errors’)	 bei	 selten	 auftauchenden	 emotionalen	 bzw.	 ruhigen	 Gesichtern	 (NoGo-Targets)	 als	 Index	 kognitiver	 Hemmungskontrolle	 und	 Emotionsregulation	 (Tottenham	 et	 al.,	2011).	 Auf	 kognitiv-behavioraler	 Ebene	 fanden	 sich	 kaum	 Unterschiede	 zwischen	 den	 beiden	diagnostischen	Gruppen:	Sie	unterschieden	sich	nicht	 in	der	Anzahl	 ‚Falscher	Alarme’	und	den	Reaktionszeiten	 auf	 emotionale	 Gesichter.	 Alle	 Probanden	 reagierten	 am	 schnellsten	 auf	glückliche	und	am	langsamsten	auf	traurige	Gesichter.	Wir	konnten	somit	nicht	den	erwarteten	emotionalen	 ‚bias’	 in	 der	 Reaktion	 auf	 stimmungskongruente	 Gesichter	 bei	 Kindern	mit	 einer	depressiven	 Störung	 finden.	 Sie	 zeigten	 wie	 die	 Kontrollgruppe	 eher	 einen	 positiven	 ‚bias’.	Schwache	Effekte	deuten	auf	eine	Interferenz	stimmungskongruenter	emotionaler	Gesichter	auf	die	 Reaktionszeiten	 für	 ruhige	 Gesichter	 hin:	 die	 klinische	 Gruppe	 reagierte	 auf	 ruhige	 Go-targets,	 welche	 von	 traurigen	 NoGo-targets	 unterbrochen	 wurden	 langsamer	 als	 in	 der	Bedingung	mit	 glücklichen	 NoGo-targets.	 Die	 Kontrollgruppe	 zeigte	 die	 umgekehrte	 Tendenz.	Auf	 neuronaler	 Ebene	 konnten	 Veränderungen	 in	 der	 frühen	 Verarbeitung	 emotionaler	Gesichter	 bei	 Kindern	mit	 einer	 depressiven	 Störung	 gefunden	werden.	 Sie	 zeigten	 verkürzte	Latenzen	 der	 N170	 im	 Vergleich	 zu	 gesunden	 Kontrollen.	 Weiterhin	 zeigte	 sich	 in	 der	Topographie	der	neuronalen	Aktivierung	über	die	Kopfoberfläche	in	der	klinischen	Gruppe	nicht	die	 typische	 Rechtslateralisierung	 der	 N170.	 Für	 ruhige	 und	 glückliche	 Gesichter	 konnte	 eine	signifikant	stärkere	linkslaterale	Aktivierung	als	bei	gesunden	Kontrollen	gefunden	werden.	Die	Ergebnisse	 deuten	 somit	 auf	 neuronale	 Veränderungen	 in	 der	 Erkennung	 menschlicher	Gesichter	 hin,	 welche	 mögliche	 Biomarker	 depressiver	 Störungen	 darstellen	 könnten,	 jedoch	keine	 Auswirkungen	 auf	 behavioraler	 Ebene	 in	 Verbindung	 mit	 Aufmerksamkeits-	 und	Hemmungskontrolle	zeigen.			In	 der	 zweiten	 Studie	 (Grunewald	 et	 al.,	 2018)	 wurden	 die	 Daten	 der	 gleichen	 Stichprobe	hinsichtlich	 der	 Ausprägung	 des	 LPP	 (mean	 activity	 und	 Topographie)	 für	 die	 emotionalen	Gesichter	 untersucht,	 die	 im	 Rahmen	 der	 emotionalen	 Go/NoGo-Aufgabe	 präsentiert	 wurden.	Die	 Ergebnisse	 liegen	 im	 Einklang	 mit	 bisherigen	 Befunden	 einer	 ‚blunted	 reaction’	 im	Zusammenhang	 mit	 einer	 depressiven	 Störung	 und	 dem	 erhöhten	 Risiko	 dafür	 und	 der	Hypothese	 einer	 ‚emotional	 context	 insensitivity’	 (ECI,	 Rottenberg	 et	 al.).	 Bemerkenswert	 ist,	dass	der	Zusammenhang	eines	verminderten	LPP	 für	emotionale	und	ruhige	Gesichter	sowohl	mit	 der	 Diagnose	 einer	 depressiven	 Störung	 anhand	 des	 Elternurteils	 im	 diagnostischen	Interview	 (K-SADS-PL)	 sowie	 mit	 der	 selbstbeurteilten	 Ausprägung	 depressiver	 Symptome	anhand	der	Skala	 ‚Depressive	Gefühle’	 im	CES-DC	Fragebogen	gefunden	werden	konnte.	Dieses	
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‚blunting’	 betraf	 alle	 im	 Rahmen	 der	 emotionalen	 Go/NoGo-Aufgabe	 präsentierten	 Gesichter.	Auch	in	dieser	Studie	konnte	somit	kein	Hinweis	auf	einen	emotionsspezifischen	‚bias’	gefunden	werden.	 Allerdings	 weisen	 die	 Ergebnisse	 auf	 eine	 generelle	 Beeinträchtigung	 in	 der	Verarbeitung	 menschlicher	 Gesichter	 hin,	 welche	 einen	 weiteren	 möglichen	 Biomarker	depressiver	Störungen	darstellen	könnte.	Die	 dritte	 Studie	 (Stadelmann	 et	 al.,	 2017)	 untersuchte	 das	 globale	 und	 bereichsspezifische	Selbstwertgefühl	 bei	 Kindern	 (n	 =	 577,	 Alter:	 8	 -	 14	 Jahre)	 mit	 verschiedenen	 aktuellen	 und	remittierten	psychiatrischen	Störungen	(u.a.	depressiven	Störungen)	im	Vergleich	zu	gesunden	Kontrollen.	Dabei	wurden	Komorbidität,	geschlechtsspezifische	Effekte,	 sowie	der	Einfluss	von	Alter	 und	 sozioökonomischem	 Status	 berücksichtigt.	 Die	 diagnostischen	 Gruppen	wurden	 auf	Grundlage	 des	 K-SADS-PL	 Elterninterviews	 (deutsche	 Version;	 Delmo	 et	 al.,	 2001, von	 der	Projektgruppe	 revidiert	 entsprechend	 K-SADS-PL	 2009	Working	 Draft	 	(Axelson	 et	 al.,	 2009))	gebildet.	 Die	 Probanden	 beurteilten	 ihr	 globales	 Selbstwertgefühl	 und	 bereichsspezifische	Selbstwahrnehmung	 (kognitive	 Kompetenz,	 sportliche	 Kompetenz,	 Peerakzeptanz,	 eigenes	Aussehen)	 anhand	 der	 deutschen	 Version	 des	 Harter’s	 Self-Perception	 Profile	 for	 Children	(SPPC,	Harter,	1985).	Kinder	mit	einer	aktuellen	psychiatrischen	Störung	berichteten	geringere	globale	 und	 bereichsspezifische	 Ausprägungen	 des	 Selbstwertgefühls	 als	 gesunde	 Kontrollen.	Auch	 Kinder	 mit	 einer	 remittierten	 psychiatrischen	 Störung	 beurteilten	 ihre	 kognitive	Kompetenz,	Peerakzeptanz	und	das	globale	Selbstwertgefühl	schlechter	als	die	Kontrollgruppe,	was	 wir	 als	 Hinweis	 dafür	 deuteten,	 dass	 Beeinträchtigungen	 auch	 nach	 Abklingen	 der	Symptomatik	 bestehen	 bleiben.	 Die	 verschiedenen	 psychiatrischen	 Störungen	 zeigten	 kleine	aber	 spezifische	 Effekte	 auf	 verschiedene	 Dimensionen	 des	 Selbstwertgefühls.	 Für	 komorbide	Störungen	 konnte	 ein	 kumulativer	 Einfluss	 gefunden	 werden.	 Kinder	 mit	 einer	 depressiven	Störung	 waren	 in	 ihrem	 globalen	 Selbstwertgefühl	 und	 der	 Bewertung	 ihres	 äußeren	Erscheinungsbilds	 signifikant	 beeinträchtigt.	 Diese	 beiden	 Bereiche	wurden	 von	Mädchen	mit	einer	depressiven	Störung	am	geringsten	ausgeprägt	eingeschätzt	 (Im	Vergleich	zu	 Jungen	mit	einer	 depressiven	 Störung	 und	 gesunden	 Mädchen	 und	 Jungen).	 Möglicherweise	 lässt	 dieser	Befund	 auf	 eine	 geschlechtsspezifische	 Vulnerabilität	 für	 depressive	 Störungen	 schließen.	 Die	Ergebnisse	 könnten	 zu	 einer	 Verbesserung	 der	 klinischen	 Behandlung	 beitragen,	 indem	 sie	helfen	gezielt	spezifische	Bereiche	der	Selbstwahrnehmung	in	den	Fokus	des	diagnostischen	und	therapeutischen	 Verlaufs	 zu	 nehmen	 (bspw.	 bei	 der	 Formulierung	 angemessener	Behandlungsziele).	Die	 vierte	 Studie	 (Matuschek	 et	 al.,	 2016)	 untersuchte	 die	 Auswirkungen	 der	 Einführung	 der	Elternversion	 des	 K-SADS-PL	 (deutsche	 Version;	 Delmo	 et	 al,	 2001, von	 der	 Projektgruppe	revidiert	entsprechend	K-SADS-PL	2009	Working	Draft		(Axelson	et	al.,	2009)),	welches	auch	zur	Einteilung	der	diagnostischen	Gruppen	in	den	drei	vorherigen	Publikationen	verwendete	wurde,	
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auf	 die	 Entlassdiagnosen	 einer	 kinder-	 und	 jugendpsychiatrischen	 Klinik.	 Diagnostische	Interviews	 stellen	 hilfreiche	 Instrumente	 zur	 Erfassung	 reliabler	 und	 valider	 psychiatrischer	Diagnosen	 dar,	 werden	 jedoch	 aufgrund	 des	 zeitlichen	 Aufwandes	 nur	 wenig	 im	 klinischen	Alltag	 eingesetzt.	 Bisher	 ist	 nur	 wenig	 über	 die	 Effekte	 einer	 standardmäßigen	 Verwendung	eines	 solchen	 Interviews	 in	 der	 Aufnahmediagnostik	 einer	 Kinder-	 und	 Jugendpsychiatrie	bekannt.	Das	Anliegen	der	Studie	war	daher	der	Vergleich	von	Entlassdiagnosen	stationärer	und	teilstationärer	Patienten	(Alter:	8	–	12	 Jahre)	vor	und	nach	der	Einführung	des	K-SADS-PL	 für	Eltern	 als	 diagnostisches	 Standardinstrument	 im	 klinischen	 Alltag.	 Dabei	 wurden	 zwei	 Zwei-Jahres-Zeitintervalle	 untersucht:	 2009	 –	 2010	 (pre-sample;	n	 =	 177)	 und	 2012	 –	 2013	 (post-sample;	 n	 =	 132).	 Die	 Auswertungen	 zeigten	 eine	 signifikante	 Erhöhung	 der	 Diagnosen	 pro	Patient	 und	 der	 Komorbiditätsraten	 im	 post-sample.	 Dies	 kann	 als	 Zeichen	 dafür	 betrachtet	werden,	 dass	 das	 diagnostische	 Interview	 zu	 einer	 besseren	 Identifizierung	 von	 komorbiden	Störungen	 führt.	 Der	 Anteil	 unspezifischer	 Diagnosen	 („sonstige	 kombinierte	 Störungen	 des	Sozialverhaltens	 und	 der	 Emotionen“	 ICD-10:	 F92.8)	 nahm	 nach	 der	 Einführung	 des	diagnostischen	 Interviews	 signifikant	 ab,	 was	 darauf	 hindeutet,	 dass	 das	 Interview	 hilft,	 die	spezifische	 Störung	 besser	 zu	 erfassen,	 womit	 auf	 unspezifische	 oder	 gemischte	 Diagnosen	verzichtet	 werden	 kann.	 Weiterhin	 zeigte	 sich	 in	 Bezug	 auf	 die	 Störungskategorien	 ein	signifikanter	Anstieg	von	Angststörungen,	Anpassungsstörungen	und	somatoformer	Störungen	im	 post-sample.	 Auf	 Grundlage	 dieser	 Ergebnisse	 kann	 geschlussfolgert	 werden,	 dass	 die	Einführung	 eines	 teilstrukturierten	 Interviews	 für	 Eltern	 in	 die	 Abläufe	 einer	 Kinder-	 und	Jugendpsychiatrie	 einen	 substantiellen	 Einfluss	 auf	 den	 diagnostischen	 Prozess	 und	 die	Diagnosestellung	hat.		
Zusammenfassend	zeigen	die	Ergebnisse	dieser	Dissertation,	dass	die	Kinder	und	Jugendlichen	mit	 einer	 depressiven	 Störung	 in	 unserer	 Untersuchung	 keine	 typischen	 Muster	 eines	emotionalen	 ‚bias’	 in	 ihrer	 Leistung	 in	 einer	 emotionalen	 Go/NoGo	 –	 Aufgabe	 zeigten.	 Sie	unterschieden	 sich	 jedoch	 in	 der	 neuronalen	 Verarbeitung	 der	 emotionalen	 Gesichter	 von	gesunden	 Probanden	 durch	 einen	 früher	 beginnenden	 und	 unspezifischeren	Erkennungsprozesses,	sowie	durch	eine	spätere	reduzierte	Responsivität	auf	die	präsentierten	Gesichter.	Zudem	zeigte	sich,	dass	die	reduzierte	Reaktivität	der	Kinder	auf	emotionale	Gesichter	sowohl	mit	der	Diagnose	einer	depressiven	Störung	anhand	des	Elternurteils	im	K-SADS-PL	wie	auch	mit	der	von	den	Kindern	selbst	eingeschätzten	depressiven	Symptomatik	einherging	und	damit	 beurteilerübergreifend	 mit	 depressiver	 Symptomatik	 zusammenhing.	 Die	 Befunde	 der	ersten	 beiden	 Studien	 scheinen	 damit	 insgesamt	 pathophysiologische	 Mechanismen	darzustellen,	 welche	 den	 interaktionellen	 Schwierigkeiten	 depressiver	 Patienten	 zugrunde	liegen.	Die	Identifikation	neuronaler	Korrelate	als	Endophänotypen	depressiver	Störungen	kann	darüber	hinaus	zu	einem	besseren	Verständnis	der	Erkrankung	beitragen	und	die	Entwicklung	
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